Studies on the utilization of dietary protein and energy by gilthead sea bream (Sparus aurata L.) by Vergara Martin, Jose Manuel



ABSTRACT
A  series of nutritional experiments were carried out to evaluate the 
utilization of dietary protein and energy by gilthead sea bream (Sparus aurata 
L.). Optimum dietary protein requirements and the sparing effect of dietary lipid 
upon protein were investigated for different fish sizes.
Optimum dietary protein requirements were 55% and 42% for 0.8g fry 
and 60g juveniles, respectively. In 5g fingerlings, dietary protein levels could be 
reduced from 52% to 45% when lipids were increased from 9% to 15%, best 
protein to energy ratio (P;E) being 21.9 g protein/MJ of gross energy. These 
results suggest that dietary protein level could also be reduced from 55% to 50% 
in fry diets containing 15% dietary lipids.
The optimum proportions of dietary protein and lipid level found for 90g 
growers were 54% and 11%, respectively, the high requirements for protein 
could be due to an increased protein demand during sexual maturation for 
gonad development.
The increase of dietary lipids produced an increment in carcass lipid 
deposition, both in visceral and non-visceral tissue, but these levels were in all 
cases well below reported carcass lipid contents in wild S.aurata in the 
Mediterranean.
When different dietary carbohydrate sources were evaluated with 42g
S.aurata juveniles, the ability of fish to digest carbohydrate was limited in 
general. Apparent Digestibility Coefficient (ADC) values being lower than 85% 
regardless of carbohydrate source. Increased amounts of fibre in diets produced 
lower protein and lipid digestibility, this effect being even more pronounced on 
carbohydrate digestibility. Corn starch was the most effective carbohydrate 
source in terms of "energy-yielding", although wheat bran appeared to be a 
suitable fedstuff for practical diets.
Increased dietary lipid levels supported increased metabolizable energy 
(ME), recovered energy (RE), energy retention efficiency (ERE) and better 
protein conversion in 46g juveniles, indicating improved utilization of protein 
and energy.
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1. GENERAL INTRODUCTION
1.1 Fish nutrition
Aquaculture has experienced its greatest development during the last 30 
years. N ew  species are being cultivated, new technologies have been introduced, 
a large research base has been established, and commercial investment is being 
directed into aquaculture. It presumably will supply an increasingly larger 
percentage of fishery products as time passes (Lovell, 1989).
The purpose of fish culture is to increase the weight of fish in the shortest 
possible time under economically acceptable conditions. A  necessary condition 
is the optimal satisfaction of all physiological metabolic requirements of the 
organisms, as is attempted for example by the provision of favourable ambient 
conditions, and feeding with specially formulated diets (Steffens, 1989).
As culture technology has evolved, there has been a trend toward higher 
yields and faster growth. This has lead to enhancing the natural food available 
by fertilization (extensive systems), supplementing natural foods with moist or 
dry feed materials (semi-intensive systems), or supplying all the nutrients to the 
fish in a prepared diet (intensive systems). As the fish become more dependent 
on prepared feeds, the need for nutritionally complete feeds becomes more 
critical (Lovell, 1989; Tacon, 1990).
Research in fish nutrition has also developed significantly over the past 
30 years, but the nutrition of terrestrial animals has been studied for a far longer 
time. Most of the early fish nutrition research was conducted with salmonid 
fishes. More recently attention has also been paid to other important species of 
fish cultured in different parts of the world, as well as new fish species with 
aquaculture potential (N.R.C., 1983; Steffens, 1989).
The nutritional quality of the diet is the foundation of fish farming, and 
can largely determine the success or failure of fish husbandry. Nutrition 
influences behaviour, structural integrity, general health, reproduction, 
environmental impact and growth in fish (Weatherley and Gill, 1987). Therefore, 
it is necessary to establish more precisely the nutritional requirements of fish 
under culture conditions so that well balanced diets can be formulated to 
maximize growth and also maintain the fish in good health
With the exception of water and energy, the dietary nutrient requirements 
of all aquaculture species can be considered under five different nutrient groups: 
proteins, lipids, carbohydrates, vitamins and minerals. The science of 
aquaculture nutrition is concerned with the supply of these dietary nutrients to 
cultured animals (Tacón, 1990)
Generally, fish are more efficient converters of feed to body weight than 
terrestrial animals, achieving whole body weight food conversion ratios of 
between 1:1 and 2:1, compared to 2.2:1 for chickens, 3:1 for pigs and 7:1 for beef
cattle and sheep (N ew , 1986). Conversion ratios on an edible flesh/food intake 
basis are even more favourable for fish, being about 2:1 compared to 5:1 for 
chickens and 20:1 for beef (New, 1986; Lovell, 1989).
When expressed as a percentage of the diet, fish require much higher 
levels of protein than do terrestrial farmed animals (Cowey and Sargent, 1979; 
Cowey and Luquet, 1983; Tacón and Cowey, 1985) and, since the protein 
component is the most expensive major ingredient in an animal feedstuff, some 
authors suggest that this requirement tends to lessen the advantages of fish as 
an efficient feed converter (Halver, 1976; Steffens, 1981). However, when dietary 
protein requirements are expressed in terms of protein intake rate (grams of 
protein per kilogram body weight per day) and the weight gain achieved per 
weight of protein ingested (grams of protein per kilogram live weight gain), the 
dietary protein requirements of fishes appear similar to those of terrestrial farm 
animals (Lovell, 1989).
In contrast to warm-blooded vertebrates, fish are poikilothermic animals 
and consequently do not have to expend a large proportion of energy in 
maintaining body temperature (Nijkamp et al, 1974). In addition, the primary 
end-product of nitrogen metabolism, ammonia, is rapidly excreted by passive 
diffusion through the gills, and consequently, fish employ less energy in protein 
catabolism than do terrestrial animals, which must convert ammonia to non­
toxic substances such as urea or uric acid (Brett and Groves, 1979).
These two important metabolic differences between these vertebrate 
groups, according to Tacon and Cowey (1985), contribute to the high energetic 
efficiency of fish and thus, the absolute difference in requirements of fish and 
homeothermic vertebrates would reside in their requirement for energy, not 
protein (Cho and Kaushik, 1985).
Table 1 shows how the maintenance energy needs of fish are considerably 
lower than those of homeothermic animals.
Table 1. Maintenance energy expenditures in fish, chick and rat (Cho and Kaushik, 1985) .
Species Body weight (g) Temperature (°C) Energy(KJ/Kg°''^ .day)
Rainbowtrout 50-150 20 33
Carp 40-90 23 54
Chicken 1500 Thermoneutral 355
Rat 130 22 552
When considering that up to the present time more than 300 different 
species of finfish have been cultivated, all with different feed and nutritional 
requirements, it becomes clear that much research work has to be carried out in 
order to achieve a basic knowledge of their nutrition (Watanabe, 1982).
1.2 Protein requirements 
1.2.1 Protein metabolism
Proteins are complex organic substances composed of many amino acids 
linked together through peptide bonds and cross-linked between chains by 
sulfhydryl bonds, hydrogen bonds and van der Waals forces. In common with 
carbohydrates and lipids, they contain carbon, hydrogen and oxygen, but in 
addition also contain about 16% nitrogen (12-19% range), and sometimes 
phosphorus and sulphur (Tacón, 1990)
When proteins are hydrolysed with acid or alkaline solutions or enzymes, 
about twenty different amino acids are obtained, which are the end-products of 
protein digestion. The primary structure of proteins is polypeptides, the 
polymerised units of amino acids (Shepherd and Bromage, 1988).
Metabolism is the term given to the sequence, or succession, of chemical 
processes that take place in the living organism. Some of the processes involve 
the degradation of complex substances to simpler materials and are designated 
by the general term catabolism. Anabolism describes those metabolic processes 
in which complex compounds are synthesized from simpler substances. Waste 
products arise as a result of metabolism and these have to be chemically 
transformed and ultimately excreted; the reactions necessary for such 
transformations form part of the general metabolism. As a result of the various
metabolic processes energy is made available for mechanical work, and for 
chemical work such as the synthesis o f carbohydrates, proteins and lipids 
(McDonald et al., 1988).
The starting points of metabolism are the substances produced by the 
digestion of food. Digestion of proteins by fish enzymes such as pepsin, trypsin, 
chymotrypsin and carboxypeptidases, results in the production of free amino 
acids in the digestive system, which are then absorbed by passive and active 
diffusion via the intestinal villi into the blood stream (Halver, 1980; Weatherley 
and Gill, 1987). They are then carried to the liver where they may then be used 
for protein synthesis or may pass into the systemic blood and join the amino 
acids produced as a result of tissue catabolism in providing the raw material for 
synthesis of proteins and other biologically important nitrogen compounds. 
Amino acids in excess of this requirement are carried to the liver and broken 
down to ammonia and keto acids (carbon skeletons). The latter may be used for 
lipid synthesis (lipogenesis), carbohydrate synthesis (gluconeogenesis), amino 
acid synthesis or to produce energy (Weatherley and Gill, 1987; Hepher, 1988). 
The end-products of amino acid catabolism, ammonia principally, are eliminated 
by fish mainly through the gills (60-90%), the rest being excreted with urine, 
faeces and through skin (Walton, 1987).
Thus, the dynamic state of body protein is achieved through two 
processes: protein synthesis and protein breakdown. The difference between 
these two processes is used as a measure of "protein turnover". Mechanisms
involved in protein synthesis are similar in fish and in mammals, protein 
synthesis rates in fish being higher in liver, gill, digestive tract, kidney and 
spleen than in heart, red muscle and white muscle (Fauconneau, 1985)
The analysis of protein synthesis in whole fish shows that the overall 
quantity of protein synthesized by non-muscular tissues is more than twice as 
high as that synthesized by muscle which represents 40-60% of the body. 
Consequently, the greater part of dietary protein is used by fish to ensure 
protein turnover in non-muscular tissues (Fauconneau, 1985).
Fish muscle, on the other hand, carries out the main part of protein 
deposition at whole body level with a very low  protein turnover compared to 
other tissues. This picture is also observed in mammals, but it is amplified in 
fish (Fauconneau, 1985).
Protein is the major organic material in most fish tissues, making up 
about 65 to 75 percent of the total on a dry weight basis and being, therefore, 
an essential nutrient (N.R.C., 1983; Hepher, 1988). Dietary protein is utilized by 
fish in three different ways (Cowey and Sargent, 1972):
(1) Maintenance (Synthesis of carbohydrates, lipids, 
proteins, hormones, enzymes, 
antibodies, and as energy source)
(ii) The repletion of depleted tissues
(iii) Growth (Synthesis of new additional protein
tissues).
In animal production regimes, dietary amino acids are utilized for 
maintenance and growth. From a practical point of view, the ideal situation 
should tend to maximize the use of dietary protein for growth, minimizing the 
use of proteins for functional protein synthesis, gluconeogenesis, lipogenesis and 
energy (Higuera, 1987).
I f adequate protein is not provided in the diet, there is a rapid reduction 
or cessation of growth or a loss of weight because the animal withdraws protein 
from some tissues to maintain the functions of more vital ones. On the other 
hand, if too much protein is supplied, proportionally less w ill be used to make 
new protein and the rest will be catabolized to produce energy (N.R.C., 1983).
1.2.2 Quantitative protein requirements
Growth rate is the most commonly used criteria to assess dietary protein 
level required by fish (De Long et al, 1958; Hepher, 1988). The optimal protein 
requirement has been defined as the minimum amount o f dietary protein, 
expressed as percentage of diet, needed to supply adequate amino acids and 
produce maximum growth (N.R.C., 1983); also as the protein level in the diet 
which tends to maximize simultaneously growth and protein deposition (Ogino, 
1980; Weatherley and Gill, 1987). However, a considerable proportion o f dietary 
amino acids is not used by fish for anabolic purposes, but is catabolized as an
energy source (Cowey 1979, 1980). Thus, Cowey and Sargent (1979) suggested 
that a better way of expressing the optimum dietary protein level is in terms of 
the proportion of energy it contributes (i.e., protein energy:total dietary energy). 
Similarly, Weatherley and Gill (1987) indicated that protein requirements should 
be expressed as suggested by the last authors or on the basis of weight gain 
(grams of ingested protein:Kg live weight gain).
The dietary protein requirements of fish were first investigated in 
Chinook salmon by De Long et n/.(1958) and, since then, reported levels for 
various species range from about 30 to 55% (Table 2).
Many of the values in Table 2 are probably overestimated, and also are 
difficult to compare, due to one or more of the following reasons:
1) Most requirement values are based on levels o f  protein that result in 
maximum growth, with little or no index of protein utilization.
2) In many cases different protein levels were obtained by substitution of 
protein sources with carbohydrates such as dextrin or starches, and proteins, at 
least for salmonids, and probably for many other species, have higher 
metabolizable energy values than carbohydrates (Rumsey, 1978). Thus, fish fed 
higher protein levels may have used protein for energy purposes in a higher 
proportion than those fish fed the lower protein diets (Higuera, 1987).
Tabi« 2. Estimacad diatary protain raquiramant of salactad fiah apacias.
Spaciaa Body wt.
( ? )
Common carp 
Cyprinum carpio 0.001-7
4-10
Graaa carp
Ctmnophsryngodon idaiJa 0.2
Cray mullat
Hugil empito 2.5
Ti lapia
Oroochromi m moaaambi cua 2.0
Ti lapia
Ormochromi» auraua 2.5-7.5
Ti lapia
O.hornorum x O.mommmmbicus 10.6 
Ti lapia
CjchJaaoma uropht/ia J/nua 0.3
Blunt-anout braam 
Mogmlobrmmm ampjycapbaia 4-37
Major carp
¿abac rohitm 0.06-1.3
Bighaad carp
Arimtichthym nobiJi» 0.004
Channal catfiah
JetaJurua punecacua 200
African catfiah
ClmrisB gmrimpinu» 40-120
Rainbow trout
Oncorhynchum mykisB
iSslmo gmirdnmrii) 6.9
Chinook aalmon
OncorhynchuB cBcbmwytmebm 1.5-5 
Europaan aal
Anguilla angruiiia 7
Japanaaa aal
AngxjiJlB jmponiCB
Plaica
PJauronacCaa piaCaaaa
Oilthaad aaa braam 
SpmruB aurata
Rad aaa braam
ChryBophryB mmjor
Europaan aaa baaa
Oicantrarebua ImbrMx
Yallow tail
SarioJa guin^aradjata
Estuary groupar 
BpinmphmluB BsJmoidmB
Cruda protain laval in diat 
for optimum growth 
(% dry wt.)
45
41 San at ai. Takauchi at ai. (1978)(1979)
41-43 Dabrowski (1977)
24 Papaparaskava and Alaxis (1986)
40 Jauncay (1982)
34-56 winfraa and Sticknay (1981)
20 Clark at ai. (1990)
42 Mart inaz-Pal ad o s (1987)
27-40 Shi at ai . (1988)
45 San at ai. (1978)
30 Santiago and Rayas (1991)
32-36 Carling and Wilson (1976)
40 Machials and Hankan (1985)
2.5 44
4-30 50
3 40
16-45 54
5.5 40
65 55
60-70 40-50
Sat ia
Zaitoun at aJ .
Da Long at ai. 
Archdakin at ai.
Bilio at ai.
Higuara at ai.
(1974)
(1976)
(1958)
(1966)
(1979)
(1989)

investigators have used estimated gross energy values in formulating 
their diets (Cowey at al., 1972; Teng et al., 1978; Anderson et al., 1981; Daniels 
and Robinson, 1986; Papaparaskeva and Alexis, 1986; Clark et al., 1990); other 
authors used estimated metabolizable energy (Satia, 1974; Jauncey, 1982; 
Martmez-Palacios, 1987; Archdekin et al., 1988; Higuera et al., 1989); and also 
estimated digestible energy (Santiago and Reyes, 1991).
4) The protein sources may not contain adequate balance of essential 
acids.
amino
5) A  restricted or fixed feeding regime may have favoured the growth of those 
fish fed the higher protein diets, as fish eat to satisfy their energy requirements 
(Cowey and Sargent, 1979).
6) Most work was performed only with young fish.
7) Protein digestibility coefficients may vary as different protein sources are 
employed (Page and Andrews, 1973; Hunt, 1980; Tacón and Cowey, 1985 ; 
Wilson, 1985; Higuera, 1987).
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1.2.3 Qualitative protein requirements
Much effort has been devoted to determine the qualitative amino acid 
requirements o f fish, and for all the fish species so far investigated the same ten 
amino acids are essential: Arginine, Histidine, Isoleucine, Leucine, Lysine, 
Methionine, Phenylalanine, Threonine, Tryptophan and Valine. These amino 
acids cannot be synthesized "de novo" by the fish, and must be therefore 
administered in the diet (Steffens, 1989).
Most experiments used crystalline amino acids as the sole nitrogen source 
in the diets (Halver and Shanks, 1960; Nose et al., 1974; Mazid et al., 1978). Other 
experiments involved the injection of fish with radioactively labelled glucose 
(Cowey et al., 1970).
The complete quantitative amino acid requirements have been established 
for only six fish species, namely chinook salmon, Japanese eel, carp, rainbow 
trout, tilapia and channel catfish (Jauncey and Ross, 1982; Lovell, 1989), and a 
linuted number of requirement values have also been reported for the coho 
salmon, sockeye salmon, lake trout, gilthead sea bream and sea bass (Wilson, 
1985).
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1.2.4 Factors affecting protein requirements
The optimum level of protein in fish diets is influenced by fish species, 
protein quality (digestibility, available essential amino acid profile), dietary 
protein:energy ratio, the physiological state of the animal (size/age, reproductive 
state), environmental status (water temperature, salinity, etc.), and the level of 
food intake Oauncey and Ross, 1982; Cho et al., 1985).
Dietary protein requirements are said to be size-dependent, i.e., smaller 
fish require higher levels of protein for maximal growth than larger fish (Satia, 
1974; Cho et al., 1985). This effect is mostly associated with a large decrease in 
whole body protein synthesis throughout development in fish, leading to a 
decrease in growth rate in older fish (Fauconneau, 1985).
De Long et «/.(1958) found that the optimum protein requirements of 
salmon increased significantly with increasing temperature. Similarly, Millikin 
(1983) found that increments in temperature increased the protein requirements 
of striped bass. Further contradictory results (Slinger et al., 1977; Meade et al., 
1983; Goolish and Adelman, 1984) commenced a controversial debate and Cho 
et fl/.(1985) suggested that the protein requirements of fish are little influenced 
by temperature, as long as the fish are maintained within their normal 
temperature range.
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Salinity can also affect dietary protein requirements in fish. Rainbow trout 
requires 45% protein at 20 ppt, and 40% protein at 10 ppt (Zeitoun et a i, 1974). 
Alliot and Pastoureaud (1979) suggested differences in osmotic regulatory 
mechanisms affecting protein requirements in fish, but there exist no data to 
clearly establish the effect of salinity on protein metabolism (Higuera, 1987).
Diminishing the feeding rate increases the optimal protein content in the 
diet for maximum protein retention in rainbow trout (Cho et al, 1976). With 
tilapia, the maximum growth was achieved at a level o f 25% dietary protein 
when the feeding rate was 3.5% body weight/day, while for a feeding rate of 
2.9% the optimum dietary protein level was 30% (Wang et al., 1985).
The influence of dietary protein to energy ratio and protein digestibility 
on protein requirements will be discussed in sections 1.3.3 and 1.4.2, 
respectively.
1.2.5 Protein sources
Until recently the tendency has been for commercial feed manufacturers 
to utilize high quality fish meals as the major portion of the protein sources in 
fish diets. The high cost of good quality fish meals leads to feed costs amounting 
to 40-60% of total operating costs in intensive aquaculture enterprises (F.A.O., 
1983). Unfortunately, attempts by nutritionists to replace the fish meal 
component of practical fish feeds with alternative protein sources have met with
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only variable success. Protein sources which have been considered include meat 
and bone meal, blood meal, soy bean meal, poultry by-products meal, dried 
brewers yeast, hydrolysed feather meal and corn gluten meal (Tacón and 
Jackson, 1985).
Apart from amino acid profiles that are often imbalanced, endogenous 
anti-nutritional factors and palatability or feed acceptability are among those 
factors limiting the use of these alternative protein sources, especially plant 
feedstuffs (Tacón and Jackson, 1985).
However, the increased availability of new processing technologies such 
as micronisation, extrusion and expansion, or the supplementation with limiting 
essential amino acids of alternative conventional feed ingredients, as well as the 
use of new, unconventional ingredients as protein sources (single cell proteins, 
plant protein concentrates, invertebrates and animal and food processing 
wastes), together with the use of dietary feeding stimulants or attractants, will, 
if not reduce the cost of the finished diet, at least allow it not to depend solely 
on fish meal. (Tacón and Jackson, 1985).
1.3 Protein and energy
Dietary protein is needed in order to provide fish with the adequate 
quality and quantity of essential amino acids to satisfy their requirements for
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protein synthesis and other biologically important compounds. However, a 
considerable proportion o f dietary amino acids is catabolized as an energy 
source (Cowey, 1979, 1980).
1.3.1 Dietary lipids as energy sources
Lipids normally occur in foodstuffs and in the fat deposits of most 
animals in the form of triglycerides, which are esters of fatty acids and glycerol 
(McDonald et a l, 1988).
The main products of lipid digestion in fish intestines are free fatty acids, 
most of which contain a single COOH group and a straight unbranched carbon 
(C) chain, which may in turn contain no double bond (saturated fatty acids), a 
single double bond (mono-unsaturated fatty acids), or more than one double 
bond (polyunsaturated fatty acids, PUFA). The latter may be divided into three 
major families: the oleic (18:ln9) series, the linoleic (18:2n6) series, and the 
linolenic (18:3n3) series (Tacón, 1990).
Most animals, including fish, are incapable o f "de novo" synthesis of fatty 
acids of the linoleic series and linolenic series, so these fatty acids must be 
supplied within the diet (Tacón, 1990).
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With the possible exception of carnivorous fish species, fish are able to 
chain elongate and further desaturate 18:2n6 or 18:3n3 to the corresponding 
highly unsaturated fatty acids (HUFA) 20:4n6 and 20:5n3 or 22:6n3, respectively 
(Watanabe, 1987). In general, cold, freshwater fish have an exclusive requirement 
for 18:3n3, 20:5n3 and 22:6n3 in their diet, while warm, freshwater fish have 
either a requirement for both linolenic series and linoleic series, or for the 
linolenic series alone. In the case of marine carnivorous fish species, since the 
food organisms consumed are rich in 22:6n3 and 20:5n3, it seems they have a 
very limited ability to chain elongate and further desaturate 18:3n3 to the 
corresponding HUFA. They must, therefore, be supplied with 22:6n3 or 22:5n3 
in their diets (Kanazawa, 1985; Watanabe, 1987; Tacón, 1990).
Thus, dietary lipids provide a source of indispensable nutrients, the 
essential fatty acids. In addition, they also act as carriers of fat soluble vitamins 
(A, D, E and K) and they also are an important source of energy (New, 1986). 
Fats contain more energy per unit weight than any other biological compound.
This fact has been widely studied, and many experiments carried out 
with different fish species have shown that by increasing the dietary lipid 
content, the optimum level of dietary protein can be reduced due to the high 
effectivity of lipids as "energy-yielding" nutrients (See section 1.3.3). Increased 
dietary lipid levels have also been reported to increase metabolizable energy, 
recovered energy, energy retention efficiency and support better protein 
conversion, indicating improved energy utilization (Cho, 1987).
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1.3.2 Dietary carbohydrates as energy sources
Carbohydrates are utilized by terrestrial mammals as an important source 
of energy. However, this does not seems to be the case in fish. Carbohydrate 
digestibility in fish varies according to its complexity, source, pre-treatment and 
level of inclusion in diets; there also exist differences between species (Walton, 
1987).
The inability of fish to utilize dietary carbohydrate has been illustrated 
by glucose tolerance tests. Oral administration of glucose to different fish species 
led to a linear increase of blood glucose concentration, with poor response of 
plasma insulin levels. This implies that glucose levels in blood are poorly 
regulated by fish, their response being frequently similar to diabetic mammals 
(Palmer and Ryman, 1972; Bergot, 1979; Cowey and Walton, 1989).
The administration of glucose also produced a rapid accumulation of liver 
and muscle glycogen in fish (Cowey and Walton, 1989). Liver glycogen reserves 
are practically depleted after night starvation in mammals, while they are 
scarcely altered in fish even after several months of starvation (Chang and Idler, 
1960; Dave et al., 1975). It is probable that the energy demand of tissues such as 
brain and nervous tissue, which catabolize glucose, are met in fish by 
gluconeogenesis (from amino acids and lipids) rather than by glycogenolysis 
(Walton and Cowey, 1982)
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Glycolysis is the major route of glucose catabolism in fish tissues. This 
series of reactions converts glucose to pyruvate with the generation of ATP.
It has been impossible to effect any change in hexokinase (one of the 
enzymes involved in glycolysis) activity by dietary means (i.e.: increasing 
dietary dextrin from 0 to 55%) in rainbow trout, indicating the inhability of this 
species to control blood glucose due to lack of glucose phosphorylating activity 
in the liver (Cowey and Walton, 1989).
On the other hand, glucose turnover in fish is only 1/10 to 1/20 that of 
omnivorous mammals, glucose utilization being lower in fish than in rats and 
other omnivorous birds and mammals (Cowey and Walton, 1989).
Other carbohydrates such as fibres, hemicelluloses, lignin and pentosans 
generally form indigestible fractions in the feed, often as pellet binders. The 
growth of some fish species tends to be depressed by the presence of about 8% 
o f dietary fibre and is highly depressed when the fibre content reaches 20% 
(Schwarz and Kirchgessner, 1982; Hilton et ai, 1983; N.R.C., 1983; Bromley and 
Adkins, 1984; Wang et al., 1985; Davies, 1985).
The fact that carbohydrates can substitute protein for growth in fish feeds 
has been reported for some fish species (Cowey et al., 1975; Alliot et al., 1979; 
Shimeno et al., 1985). However, reports in the literature on the maximum levels
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of dietary carbohydrates that can be tolerated by different species of fish often 
appear to be contradictory. This is probably due to the variable digestibility of 
the different carbohydrate sources used and the fact that not all studies used 
isoenergetic diets (Martinez-Palacios, 1987).
Carnivorous fish species are known to have a limited ability to use 
dietary carbohydrate, mainly due to a weak amylolytic activity in their digestive 
tract (Spanhof and Plantikow, 1983). Dietary carbohydrate levels beyond a 
certain point have been reported to depress protein digestibility, feed efficiency 
and growth, increase liver glycogen deposition, liver size, and even cause 
eventual mortality (Shimeno et al., 1979; Kaushik et al., 1989).
On the other hand, some species seem to have a certain ability to use 
dietary carbohydrate, with levels in the range 10-40%, promoting higher growth 
and better protein efficiency ratios than diets with no carbohydrates at all 
(Cowey et al., 1972; Carling and Wilson, 1976; Shimeno et al., 1979; Alliot et al., 
1979; Berger and Halver, 1987).
Thus, main sources of energy in fish seem to be proteins and lipids, 
carbohydrates being considered as uncertain and probably limited (Walton, 
1987)
Typical values of heats of combustion (gross energy) for carbohydrate, 
protein and lipid are 17.2, 23.6 and 39.5 Kilojoules per gram, respectively 
(Brafield and Llewellyn, 1982; Jobling, 1983; Cho, 1987; Steffens, 1989).
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1.3.3 Protein to energy ratio
The evidence of the use of dietary protein as an important energy source 
is being widely studied (Cowey, 1979,1980), and it has been suggested that the 
high protein requirement is an artefact of the low energy requirement in fish 
(See section 1.1). In addition, a great percentage of ingested protein is quickly 
catabolized by fish, specially when an inappropriate balance of non-protein 
nutrients is present in the diet. (Cho et al, 1985; Walton, 1987; Shepherd and 
Bromage, 1988).
As the use of protein as an energy source is wasteful from both the 
nutritional and economic points of view, it seems worthwhile to supply as much 
as possible of the required energy as carbohydrates and lipids rather than 
protein, and thus to lower the proportion of protein in the diet to the level 
needed for growth.
This reduction of the dietary protein requirement for maximum growth 
by increasing the level of dietary, non-protein, energy is termed "protein sparing 
effect" (Jauncey and Ross, 1982).
The {percentage of the total dietary energy required from  either protein 
or non-protein ingredients may be used to express the relationship between 
protein and energy in the diet, and very often the ratio of the dietary protein to
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the dietary energy content is used to express the fact that the feed intake is 
primarily designed to cover the energy requirement, instead o f the protein 
requirement, of the fish (Steffens, 1989).
The beneficial effects o f the incorporation of protein-sparing nutrients 
have been widely studied and optimal ratios between protein and energy have 
been proposed for many species of fish. In Table 3 optimum protein to energy 
ratios (in  grams of protein per Megajoule) in the diets for selected fish species 
are shown. These results are based on experiments where dietary lipid was the 
main source of non-protein energy and fish were fed diets containing a range 
of dietary protein levels (in all of them but in those from Yone et al.(1971), 
Cowey et n/.(1975), Marais and Kissil (1979), Watanabe et «/.(1979), Bromley 
(1980), where all diets contained a fixed dietary protein level), combined with 
a range o f dietary lipid levels. In all the experiments shown in Table 3 the 
calorific value of the diets was calculated by using typical nutrient caloric 
contents, except in those by Marais and Kissil (1979), Bromley (1980) and 
Daniels and Robinson (1986), where calorimetric techniques were used. 
Digestible energy values were determined by digestibility trials in the work by 
Wang et «/.(1985).
In some experiments carried out with rainbow trout reported in Table 3, 
dietary protein levels could be reduced to 35% with little effect on general 
growth performance by adding lipid to the experimental diets at 18% level
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T.bl. 3. optimum prot.in..n.rgy ratio, (g prot.in/MJ) in th. di.t. for diff.r.nt fi.ha,.
OE.Gro.. anargy, DE.Piga.t ibl. .n.rgy, ME.M.tabol i z.bl. an.rgy, a. tha ba.i. of calculation.
Sp«ci«s T«mp«ratur«
(®C) Body wc. (0 )
P:E ratio Enargy
(g prot./HJ) aa tha basis 
of calculation
Rafaranca
Ti lapia
Ormochromim auraus
Tilapia
Ormochronti» niJoticu» 
Ti lapia
O.niJotieuB X O.aurauj
Channal catfish 
IcCaJurus puncCaCus
African ccatfish 
CJmrisB gariapjnus
Rad drum
Seismnop» ocmlIs c u b
Rabbitfish 
Sjganus ^CCatus
Rainbow trout 
OncorhynchuB mykiBB
Rad saa braam 
ChryBophryB major
Gilthaad saa braam 
SpBruB Bursts
Europaan saa bass
Pjcantrarchus Isbrsx
Turbot
ScophthslmuB msximuB 
Yallowtai1
Smriols quinqusrsdists
Plaica
PlmuronmctsB plscmsss
Strlpad bass 
Morons BsxstiliB
Wallaya
SCisoatadium vitrswn
31
31
2.5
7.5 2926
DE
OE
21-25 6 16-17 DE
9 23-26 1.6 18 ME
27 200 21-28 GE
27.5 40-120 28 ME
22-26
26-33
4
5 2126-29
GE
GE
27-29 0.9 22 GE
12
12
11
11-14
14-ie
7-15
4.6 
40 
2 
15 
15 
20
19-24
22
27
19
18
22-23
GE
GE
DE
DE
DE
DE
25 12 33 GE
23-26
20-25
20-25
44
45-50
3
22
25
23
GE
GE
GE
16
19 575 3229 GEGE
16 2-3 40 GE
29
23
26-29
65
105
69
26-35
35
38
ME
ME
ME
7 16-17 28 GE
22 11-16 28 ME
21 14 34 ME
winfraa and Sticknay (1961)
Wang at sj. (1985)
Shiau and Huang (1990)
Carling and Wilson (1976)
Hachials and Hankan (1985)
Danials and Robinson (1986)
Parazo
Laa and Putnam 
Higuara at si. 
Rainitz at s2. 
Takauchi at si. 
Watanaba ac si. 
Cho
Yona ac ai.
Marais and Kissil 
Kissil and Groop 
Kissil and Groop
All lot aC si. 
Matai1lar ac si.
Bromlay
TaKada aC ai. 
Shimano aC ai. 
Shimano ac si.
Coway ac ai. 
Bargar and Halvar 
Barrows ac si.
(1990)
(1973)
(1977)
(1978)
(1978)
(1979) 
(1987)
(1971)
(1979)
(1984)
(1984)
(1979)
(1981)
(1980)
(1975)
(1980)
(1985)
(Takeuchi et a l, 1978, Watanabe et a l, 1979). All works listed showed some 
protein-sparing effect by dietary lipid.
Up to 1/3 o f the dietary protein could be spared by lipids in turbot 
(Bromley, 1980), and dietary protein level could be reduced from 50 to 45% 
when lipid level was increased from 14 to 17% in striped bass (Berger and 
Halver, 1987).
A  similar protein-sparing effect was reported for yellowtail (Takeda et al., 
1975; Shimeno et al., 1980, 1985), although minimum optimum dietary protein 
level achieved ranged between 53 and 57%, given dietary lipid contents of 15- 
17%.
Hybrid Oreochromis niloticus X O. aureus showed satisfactory growth 
performance when the dietary protein content was decreased from 24 to 21% 
and dietary lipid raised from 9 to 15% (Shian and Huang, 1990). Channel catfish 
showed also a protein-sparing effect when a decrease from 36 to 24% in dietary 
protein gave similar performance when lipids were increased from 5 to 10% 
(Garling and Wilson, 1976).
In plaice and European sea bass, high lipid levels promoted a certain 
protein-sparing effect, but at the expense of an increasingly fatty carcass (Cowey 
et al., 1975; A lliot et al., 1979). Other authors report reduced growth
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performances as a consequence of increased dietary lipid levels (Yone et al., 
1971; Machiels and Henken, 1985; Daniels and Robinson, 1986).
It appears from these data that there are considerable differences between 
species and, in general, the requirement of the fish for protein per unit energy 
intake (digestible or metabolizable) lies well above 20, and is greater than that 
of terrestrial animals (14-18 for chicken, 10-16 for swine and 6-10 grams of 
protein per Megajoule for cattle)(Cho and Kaushik, 1985).
On the other hand, the protein-sparing action of dietary lipid seems well 
documented, proving that in many cases the optimum level of dietary protein 
can be reduced at higher lipid inclusion rates. However, very often the level of 
lipid in the diet found necessary to maximize the protein available for growth 
may produce a high lipid carcass deposition (Cowey et al., 1975; Alliot et al., 
1979), although this only occurs, according to Watanabe et al.(1979), when lipid 
is added to a diet already high in protein. A  true protein-sparing effect could 
thus be achieved at somewhat reduced protein levels.
The optimum levels (i.e., those which support the best growth rate and 
food conversion ratio) of protein and lipid in a fish diet, depends on many 
factors such as the environmental conditions (temperature being probably the 
most important), fish age and size, genetic factors and the aquaculture 
system/techniques being used, among others (New, 1986).
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The idea that dietary energy sources in fish diets influence the protein 
requirements of fish for optimum growth, and the metabolic partition of the 
dietary protein between use for protein synthesis and for energy supply is also 
supported by the results reported recently by Kim et «/.(1991). They found that 
when rainbow trout fingerlings were fed different purified diets using casein as 
protein source and a mixture o f crystalline non-essential amino acids as protein 
substitute, the optimum dietary protein level was found to be 24%, suggesting 
that this protein level was sufficient to provide the requirements of trout for 
essential amino acids. According to the authors, the conventionally established 
protein requirement of 40% for rainbow trout (Satia, 1974; N.R.C., 1981) includes 
dietary protein required to meet the requirements for the essential amino acids 
(24%) plus that required for meeting energy needs (16%). However, non 
essential amino acids are only interconverted, not synthesized de novo by fish, 
and they still will require some of the diet in the form of protein for this 
purpose (Jauncey, personal communication).
1.4 Nutrient digestibility
The main functions of the digestive tract in monogastric animals are the 
ingestion, digestion and absorption of food, and the elimination o f solid waste 
material. Digestion processes basically involve the mechanical and chemical 
breakdown of food particles and their nutrients to provide the animal with the 
simpler forms of these nutrients, such as amino acids, fatty acids and glucose, 
required for metabolic purposes (McDonald et al., 1988).
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Fish vary tremendously in morphology and physiology of digestive tracts 
and in feeding behaviour. Among the most pronounced distinctions are that 
carnivorous fish have stomachs, while herbivorous fish, particularly cyprinids, 
frequenüy do not. Moreover, carnivorous fish species usually have digestive 
tracts less than one half the length of their body and herbivorous fish have tracts 
six to eight times their body lengths (Lovell, 1989).
In most carnivorous fish the digestion of food commences in the stomach. 
The gastric mucosa of the stomach secretes a protective mucus, plus pepsin, a 
protease. The glands of the stomach produce hydrochloric acid which maintain 
the pH of the stomach contents within the optimal range for pepsin activity (pH 
2 to 4). Protein digestion proceeds in the intestine in an alkaline medium by the 
action of pancreatic trypsin and chymotrypsin. Trypsin is one of the most 
important proteases for protein digestion, and polypeptides are further broken 
down to peptides and free amino acids by intestinal peptidases and pancreatic 
carboxypeptidases (Weatherley and Gill, 1987).
Pancreas and liver are concerned with the production of those digestive 
enzymes, which include carbohydrases, which convert oligo and polysaccharides 
into simpler sugars and lipases to hydrolyse triglycerides (lipids) into 
diglycerides, monoglycerides, glycerol and free fatty acids (Shepherd and 
Bromage, 1988).
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The dietary nutrients, broken down into simple compounds in the 
digestive tract, are absorbed through the intestinal epithelium by diffusion or by 
active transport. The waste material, or faeces, voided from the intestine via the 
anus consists mainly of water, undigested food residues, digestive secretions,
epithelial cells from the tract, inorganic salts and bacteria (McDonald et al., 
1988).
1^.1 Factors affecting digestion of fond in fish
Digestion of food in fish depends on three main factors: a) The ingested 
food and the extent to which it is susceptible to the effects of the digestive 
enzymes, b) the activity of the digestive enzymes, c) the length of time the food 
IS exposed to the action of the digestive enzymes. Each of these main factors is 
affected by a number of secondary factors, such as fish species (carnivorous 
versus omnivorous/herbivorous species), age, size and physiological condition; 
other factors are related to environmental conditions such as water temperature; 
and some are related to the food itself, i.e., its composition (the relative 
proportion of nutrients in the diet), particle size and amount eaten (Page and 
Andrews, 1973; Andrews, 1979; Hepher, 1988).
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1.4.1. a Fish species
Nutrient digestibility may vary among fish species due to differences in 
the digestive system and its digestive enzymes, and to the different foods 
consumed. Despite these differences and the lack of pepsin in fish without 
stomach, variations in the digestibilities of proteins and lipids among species are 
small. Much more pronounced variations are found in digestibility of 
carbohydrates, specially those with high molecular weight (Hepher, 1988).
1.4.1. b Fish age
Enzymatic activity may vary with fish age and size, and usually is lower 
during first development stages of fish. This clearly affects digestibility of 
different nutrients (Hepher, 1988).
1.4.1. C Physiological conditions
Stressed fish, due either to excessive handling or to disease, may have a 
disturbed digestibility. Seasonal variations in digestive enzyme activity may also 
occur (Hepher, 1988).
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1.4.1.d Water temperaturp
Increasing the temperature may increase both enzyme secretions and 
enzyme activity, and decrease enzyme-substrate affinity (Nordlie, 1966; Smit, 
1967; Trofimova, 1973). Temperature may also affect the rate of absorption of 
digested nutrients through the intestinal wall (Smith, 1970; Smith and Kemp, 
1971). However, the higher the temperature, the more rapid is the transport of 
food and the shorter its exposure time to the digestive enzymes (Elliot, 1972; 
Ross and Jauncey, 1981). Cho (1987) found no effect of water temperature 
variation on diet digestibility for rainbow trout.
1.4.l.e Water salinity
Not much is known of the effect of salinity or other factors related to 
water composition on digestibility. MacLeod (1978) found that the digestibility 
of dry matter, energy and protein by rainbow trout fell linearly with increasing 
water salinity, but this could be due to an indirect stress effect (Hepher, 1988).
lA A  f Food composition
The relative proportions of nutrients in the diet may affect their 
digestibilities, and increased amounts of dietary lipids are known to support 
increased protein, carbohydrate, lipid and energy digestibility (Takeuchi et ai,
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1978; Watanabe et al., 1979). Relatively high carbohydrate contents in the diet 
have been reported to reduce protein digestibility (Shimeno et al., 1979; Kaushik 
et al., 1989). The explanation seems to be that the undigested portion of the 
carbohydrates passes more rapidly through the alimentary canal, carrying with 
it some of the proteins (Hepher, 1988). Other carbohydrates such as fibres 
generally form indigestible fractions in the feed (N.R.C., 1983). Various feeds 
may also contain digestive enzyme inhibitors which reduce digestibility (N.R.C., 
1983, Tacón, 1985). Food particle size is generally positively correlated with 
lower digestibility values (Hepher, 1988).
1.4.1.g Feeding level and frequency
Some authors suggest that some nutrient digestibility is negatively 
correlated with feeding level (Henken et al., 1985). On the contrary, other works 
suggest that there is no direct effect (Windell et al., 1978; Cho, 1987). Feeding 
frequency also does not seem to affect digestibility greatly (Hudon and De La 
Noue, 1984).
1.4.2 Protein digestibility
A  distinction must be made between true and apparent digestibility of 
protein. The absorbed portion of a nutrient is usually determined by difference 
between the ingested and egested portions, and usually expressed as a
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percentage of the amount ingested as "apparent digestibility coefficient" (ADC):
ADC (%) = nutrient ingested - nutrient egestpd X 100 
nutrient ingested
In the case of proteins, there is a considerable nitrogen (N ) fraction in the 
faeces resulting from maintenance metabolic processes, which is termed as 
"endogenous fecal nitrogen" (EFN), and can be quantified with the aid of a 
protein-free diet (Steffens, 1989):
True N  digestibility (%) = ingested N-(Fecal N  - EFN) X 100
ingested N
Another method for determination of protein digestibility is the "in vitro" 
method, which imitates the conditions in the digestive system of the fish as 
closely as possible, and consists of the incubation of protein-containing feeds 
with the digestive juices of the fish, followed by separation of the soluble 
products o f digestion and quantitative amino acid determinations on the 
materials obtained (Grabner, 1985; Grabner and Hofer, 1985).
Although some authors have suggested that protein digestibility may 
vary with protein intake (Nose, 1967), fish size (i.e., small fish appear to be 
poorer at digesdng protein than large ones), and water temperature (Kitamikado 
et al., 1964), most works tend to show that most dietary proteins exhibit high 
true and, or, apparent digestibility coefficients (varying around 90%), and that
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Hthese digestibilities remain consistently high regardless of the level of protein 
fed (Kim, 1974; Cho et al., 1976; Windell et al., 1978; Austreng and Refstie, 1979; 
Jauncey, 1982).
On the other hand, food composition seems to affect more significantly 
the level of protein digestibility. Thus, increased amounts of dietary lipids have 
produced increased protein digestibility (Takeuchi et al., 1978; Watanabe et al., 
1979).
In rainbow trout high levels of starch reduced the protein digestibility 
(Kitamikado et al., 1964), and the higher the protein content and the lower the 
carbohydrate content are, the higher is apparent protein digestibility of 
compound feedstuffs. This seems to be true for most carnivorous fish (Shimeno 
et al., 1979; Kaushik et al., 1989) and some herbivorous fish (Page and Andrews, 
1973). In carp the apparent protein digestibility was lowered by high cellulose 
content (18%) in the feed (Schwarz and Kirchgessner, 1982). This negative effect 
of indigestible crude fibre has been repeatedly reported for many fish species 
Oobling, 1981; Hilton et al., 1983; Wang et al., 1985; Ferraris et al., 1986).
Ash content also negatively affect protein digestibility (Nose and Mamiya,
1963).
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1.4.3 Lipid diyestibilitv
Digestibility of lipids range between 80-90% in most fish species (Cho et 
al., 1982). Larger-chain fatty adds exhibit a higher digestibility than shorter-chain 
ones. Polyunsaturated fatty acids such as 20:5 or 22:6 acids are up to 100% 
digested by rainbow trout (Austreng et al., 1980) and, in general, the essential 
PUFA show a very high digestibility in this fish species (Ellis and Smith, 1984).
Most of the time, this high digestibility of lipids is little affected by their 
inclusion levels in the diet or diet composition. Thus, for rainbow trout, lipid 
digestibility coefficients range between 93 and 98% (Higuera et al., 1977; 
Takeuchi et al., 1978). For European eel these values oscillate between 86 and 
99% (Kuhne, 1973; Schmitz et al., 1982), between 83 and 90% for carp (Takeuchi 
et al., 1979; Kirchgessner et al, 1986), between 64 and 94% for channel catfish 
(Andrews et al., 1978), and around 93% for tilapia (O. niloticus) (Hanley, 1987).
L4.4 Carbohydrate digestibility
Considerable differences in carbohydrate digestibility between the various 
fish species can be expected as a consequence of the marked variations in the 
anatomy o f the digestive tract and in the native diet (Steffens, 1989).
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1.4.3 Lipid digestibility
Digestibility of lipids range between 80-90% in most fish species (Cho et 
al., 1982). Larger-chain fatty acids exhibit a higher digestibility than shorter-chain 
ones. Polyunsaturated fatty acids such as 20:5 or 22:6 acids are up to 100% 
digested by rainbow trout (Austreng et al., 1980) and, in general, the essential 
PUFA show a very  high digestibility in this fish species (Ellis and Smith, 1984).
Most of the time, this high digestibility of lipids is little affected by their 
inclusion levels in the diet or diet composition. Thus, for rainbow trout, lipid 
digestibility coefficients range between 93 and 98% (Higuera et al., 1977; 
Takeuchi et al., 1978). For European eel these values oscillate between 86 and 
99% (Kuhne, 1973; Schmitz et al., 1982), between 83 and 90% for carp (Takeuchi 
et al., 1979; Kirchgessner et al, 1986), between 64 and 94% for channel catfish 
(Andrews et al., 1978), and around 93% for tilapia (O. niloticus) (Hanley, 1987).
1.4.4 Carbohydrate digestibility
Considerable differences in carbohydrate digestibility between the various 
fish species can be expected as a consequence of the marked variations in the 
anatomy of the digestive tract and in the native diet (Steffens, 1989).
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A  factor which has a major effect on carbohydrate digestibility in fish is 
the degree of polymerization. The monosaccharides are well absorbed by fish, 
while dextrin is only moderately digestible and crude starches have 
comparatively low digestibilities (Singh and Nose, 1967; N.R.C., 1983).
In addition, there may also be antinutrients found in natural feedstuffs 
which can inhibit the action of some hydrolases, as for example, the trypsin 
inhibitors present in many feedstuffs of plant origin, such as raw beans (N.R.C., 
1983) or the amylase and protease inhibitors found in raw wheat (Tacón, 1985).
For salmonids the carbohydrate digestibility diminishes with increasing 
molecular weight (99% for glucose, 22% for polysaccharides)(Inaba et al., 1963; 
Singh and Nose, 1967). The digestibility of polysaccharides is dependent on the 
magnitude of their contribution to the diet. Dextrin and starch are digested less 
well as their proportion in the diet increases, and cooked starch is significantly 
better digested than raw starch in rainbow trout (Buhler and Hal ver, 1961; Inaba 
et al., 1963; Singh and Nose, 1967; Smith, 1971).
Similar results have also been reported for red sea bream (Furuichi and 
Yone, 1982), eels (Kuhne, 1973), plaice (Cowey and Sargent, 1972) and yellowtail 
(Shimeno et al, 1979).
Other carbohydrates, such as fibres, are considered indigestible fractions 
in the feed (N.R.C., 1983). However, a complete absence of crude fibre must be
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regarded as unfavourable (Morita et al., 1982; Furuichi et ai, 1983), as crude fibre 
delays absorption of carbohydrate and protein, and nutrients can be more 
effectively employed for energy production and biosynthesis. Fibre may also 
improve the pelletability o f feeds (Jauncey and Ross, 1982).
The lack of apparent digestion or utilization o f dietary fibre by most fish, 
despite many of them exhibiting some exogenous cellulase activity in their guts, 
has been interpreted as due to a considerable difference of the intestinal 
microflora of fish when compared to that present in mammals; low  water 
temperature also negatively affects the microbial fermentation capacity of the 
intestine (Davies, 1985).
The commercially formulated diets used in fish culture result in the loss 
to the fish of between 20 an 40% of the intake in faeces. Thus, as a first step 
when evaluating potential feedstuffs, it is necessary to determine ingredient 
digestibilities prior to any attempt to formulate diets for fish (Cho, 1987).
1.4.5 Determining food and nutrient digestibility
Digestibility studies in fishes imply dealing with faeces collection in a 
aqueous environment. Nowadays, indirect methods are used based on the 
inclusion of inert marker in the experimental diets. Nose (1960) collected 
samples of rectal contents by "manually stripping" the fish and squeezing out
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the fecal material from the rectum. Windell et al.(1978) utilized anal suction or 
fish dissection. Smith (1971) confined the fish in a metabolic chamber where 
faeces were collected as they were naturally produced by fish. Ogino et a/.(1973) 
collected the faeces as the water outlet from fish tanks passed through a 
filtration column. Choubert et al.(l979) used a mechanically rotating screen to 
filter out fecal material.
Cho et n/.(1982) developed a system consisting of passing the effluent 
water from the fish tanks through a settling column. The advantages of the last 
system are that it allows the fish to feed normally, there is no need to handle 
them, and it allows repeated determinations and evaluation of different diets by 
measuring growth rates and carcass analysis at the same time.
A ll of the above techniques have advantages and disadvantages; those 
based upon forced evacuation may result in the addition of physiological fluids 
and intestinal epithelium to the rectal contents, which may also not be 
completely digested, tending to underestimate nutrient digestibility. On the 
contrary, when faeces are diluted in water, leaching may result in 
overestimation o f digestibility coefficients (Hepher, 1988).
Ever since Edin (1918) proposed the use of chromic oxide (CrjOj), most 
digestibility trials in fishes have been carried out with this indicator. Relative 
changes in CrjOj percentage of the feed and faeces will represent the percentage
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of the feed that was digested by the fish. By proximate and energy analysis of 
feed and faeces, the digestibility of each nutrient and the digestible energy of the 
diet can be determined (Cho, 1987).
Various other markers have been proposed for digestibility experiments 
with fish. Polyethylene and acid-insoluble ash have shown poor results in some 
cases, apparently because they move through the gastro-intestinal tract at a 
slower rate than the digesta, and show a wide range of variation in results 
(Tacón and Rodrigues, 1984). Crude fibre has also been proposed, based on the 
advantage of its similarity to the dietary material to be marked and good results 
obtained with its use (Tacón and Rodrigues, 1984).
Some doubts have been raised w ith regard to the suitability o f chromic 
oxide as a dietary marker, due to its apparent differential passage along the 
gastro-intestinal tract with respect to the digesta. However, this variability in 
excretion pattern can be minimised by collecting faeces continuously over a 
period of days (Tacón and Rodrigues, 1984).
1.5 Energy utilization
Numerous authors have proposed schemes of the utilization and 
partitioning of food energy in animals, based on balanced energy equations that 
assign magnitudes to the various components of metabolism.
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Kleiber (1961), Warren and Davis (1967), Elliott (1979) have all offered 
versions of such schemes with special reference to fish. Most recently reviews 
in energy partitioning in fish have also been published: Cho et rt/.(1982), Brafield 
(1985), Cho and Kaushik (1985), Knights (1985), Soofiani and Hawkins (1985).
Most of them depend on the essential assumptions of the type of energy 
equation given by Brett and Groves (1979), of which the authors point out that 
"since all the energy ingested (C) must turn up in one form or another as a 
result of metabolism (R), growth (P), nitrogenous excretion (U ) and fecal loss 
(F)", therefore:
C = P + R + U + F
The expanded version of this equation is given also by Brett and Groves 
(1979) as:
(Ps b^ (F-S) CK(A-S)) (Ujj + U j) F
Where a, b and c are constants that apply to estimated periods each day 
for which routine, feeding and active metabolism are occurring, standard 
metabolism rate is R^ , routine metabolism is Rr, feeding metabolism is Rp and 
active metabolism is R*.
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Pg is somatic growth and Pc is gamete production. Uu corresponds to 
urea and ammonia excretion and Ug corresponds to mucus and sloughed 
epidermal cells.
There have been numerous attempts to compile and tabulate energy 
budgets for particular fish species: perch (Solomon and Brafield, 1972), brown 
trout (Elliot, 1976), tilapia (Mironova, 1976), rainbow trout (Staples and Nomura, 
1976), sockeye salmon (Brett, 1983). Brett and Groves (1979) arrived at the 
following generalized budgets for young fish (figures are percentages of food 
energy, C):
Carnivorous: lOOC = 29P + 44R + 7U + 20F 
Herbivorous: lOOC = 20P + 37R + 2U + 41F
Cho (1981) proposed a similar scheme of energy utilization in fish (Figure 
1), which will be used here to describe the various physiological processes 
involved.
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UTILIZATION OF DIETARY ENERGY IN FISH
EXCRETED RETAINED HEAT LOSS
Faeces (FE)
Gross intake energy
--— ■IDigestible energy
1letabolizable energy
Urine (UE)Gill excretion (ZE)
Net energy (NE)
Recovered energy (RE)
Metabolic FE (FmE) Endog. UE (UeE) Endog. ZE (ZeE) Body surface excretions (SE) GrowthReproduction
Heat increment (HiE) Metabolic waste (HwE) Biosynthesis (HrE) Digestive process (HdE)
Maintenance (HmE). Basal metab.(HeE). Resting act.(HjE)
Swimming activity
Figure 1. Utilization of dietary energy in fish Modified from Cho (1981)
The gross energy intake (IE) is the product o f ingested food and its heat 
of combustion. The first source of loss to be considered is that of the energy 
contained in the faeces. The apparently digestible energy (DE) of a food is the 
gross energy intake less the energy contained in the faeces (FE), which results 
from any particular input of that food (McDonald et a i, 1988).
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Faeces are a mixture of undigested food and residues of body origin 
resulting from mucosa epithelial cells, gastrointestinal secretions and 
gastrointestinal flora activity. The energy loss due to these residues arising from 
metabolic activities of the animal is termed as fecal energy o f metabolic origin 
(FmE). Similarly, other endogenous waste materials from metabolic activities 
will be excreted either through the gills (ZeE) or through the kidney (UeE). 
Mucus and epidermal cells will also represent an energy loss (SE) through the 
body surface (Cho et al, 1982).
The end-products o f absorbed fatty acid and sugar catabolism are carbon 
dioxide and water. In addition to these products, catabolism o f amino acids also 
results in ammonia production, together with minor quantities of other 
substances such as urea, uric acid, creatine, etc. The excretion of such products 
implies the loss of combustible material by the fish. Thus, the energy loss with 
these compounds either through the gills (ZE) or through the urine (UE) will 
decrease the physiologically available fuel value of the diet, the metabolizable 
energy (ME), defined as follows:
ME -  IE - (FE + UE + ZE) (Fig. 1)
The expenditure of energy due to feeding is referred to by several terms; 
heat increment of feeding (HiE), specific dynamic action (SDA), calorigenic effect 
and dietary thermogenesis. The main factors involved in this heat increment due 
to feeding activity are: 1) the digestion and absorption processes (HdE), 2)
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biosynthesis of substances and their retention in tissues (HrE) and 3) production 
and excretion of metabolic wastes (HwE). The main biochemical cause for heat 
increment being the energy required for the ingested amino-nitrogen to be 
deaminated and excreted (HwE) and metabolic work (HrE) (Cho et al., 1982).
The deduction of heat increment of feeding from the metabolizable 
energy gives the net energy value (NE) of the food, which is available to the 
animal for body maintenance and for the various forms of production 
(McDonald et al., 1988).
Fish require a continuous supply of energy for maintaining life regardless 
of whether or not it is consuming food (HmE). Fasting fish obtain this energy 
by catabolizing body fat and protein reserves. A  major portion of maintenance 
energy required is spent in basal metabolism (HeE) and a minor part is spent 
in involuntary or resting activity (HjE) (Cho et al., 1982).
Any activity results in an increase in the basal metabolism rate. As stated 
previously, the ingestion o f food increases metabolic rate. Physical activity 
(swimming) also increases metabolic rate due to work done against internal and 
external frictional forces. Thus, HmE, Hie and swimming activity lead to the 
release o f  energy as heat (HE) from the metabolizable energy derived from food, 
and this lost energy is not available to be retained within the body as new tissue 
elements (growth and formation of sexual tissues and products) (RE). In 
growing animals part of the retained energy is stored as protein, part as fat and
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part as carbohydrate (glycogen)(Cho et al., 1982), and the amount of energy so 
used is referred to as the animal's energy retention (McDonald et al., 1988). The 
relative importance of different nutrients deposition depends upon a great 
number of factors, the balance of the available amino acids of the dietary protein 
and the amount by which the dietary energy intake exceeds the energy 
expended as heat being the two major factors (Cho et al., 1982).
1.5.1 Factors affecting energy utilization
Tacón (1990) lists a series of factors known to influence the energy 
requirements and energy partitioning o f fish, including:
(i) Water temperature (affecting metabolic rate, and consequently 
maintenance energy requirements, increasing with temperature).
(ii) Animal size (affecting metabolic rate, and consequently maintenance 
energy requirements, decreasing with increasing animal size).
(iii) Physiological status (increasing energy requirements during periods 
o f gonad production and reproductive activity such as spawning 
migration).
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(iv) Water flow  (increasing energy requirements for maintaining station 
in water w ith increased water flow).
Light exposure (energy requirements for voluntary activity being 
lower during night time "rest" periods).
W ater quality and stress (pollutants, increased salinity, low  dissolved 
oxygen concentration, and excessive crowding increasing the maintenance 
energy requirements).
#1 « Other factors which have also been reported are the relative proportion 
of dietary nutrients and feeding rate (Cho et al., 1976).
Different authors have studied the effect of several factors on the energy 
retention by fish (for comparison purposes, energy retention will be expresed 
as energy gain/energy intake X 100 as a measure of energy utilization) (Steffens,
1980).
•1«
Cho and Slinger (1980) reported that falling water temperature in the 
range from 15 to 7.5®C increased the heat production in rainbow trout from 11 
to 20% of the intake of digestible energy, hence lowering the energy retention 
from 58 to 44% of digestible energy intake.
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Protein intake influences particularly the thermal gain. Increased protein 
contents in the diet (from 36 to 47%) lead to greater heat production (from 7 to 
13% of DE) in rainbow trout (Cho, 1982).
The relative proportion o f non-protein energy in the diet is another major 
factor influencing energy retention. At 36% of dietary protein an increase in the 
proportion o f lipid from 6 to 16% lead to a reduction in the rate of heat 
production from 14 to 7% of DE, which was manifested in improved energy 
retention in rainbow trout (Cho, 1982). In the same species, the level of dietary 
energy retention was 53% of DE for a high-protein diet (55% digestible protein, 
13% digestible lipid) and 63% for a low protein diet (34% digestible protein plus 
22% digestible lipid) (Cho and Kaushik, 1985).
In carp, the value of dietary energy retention was 35% of digestible 
energy for a high protein diet (41% crude protein, 16.9 MJ/Kg diet of digestible 
energy) and 53% for a low protein diet (20% crude protein, 18.2 MJ/Kg diet of 
digestible energy) (Kirchgessner et al., 1984).
In European eel, the level of dietary energy retention was 50% of gross 
energy for a high-protein diet (50% crude protein plus 20% wheat meal) and 
67% of gross energy for a low-protein diet (20% crude protein plus 56% wheat 
meal) (Degani and Viola, 1987).
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These examples underline how the understanding o f the nutritional 
energetics of any productive animal helps the definition and balance of dietary 
regimes, under any particular environment, to improve the efficiency of diet 
utilization (Cho, 1987).
1.5.2 Determining energy utilization
Making estimations o f intake gross energy and fecal energy is not 
difficult, for one only needs to know the energy content of representative 
samples of the food and the faeces (Brafield, 1985). On the contrary, 
measurements of metabolizable energy and heat losses in fish are far more 
complicated, as they involve the use of complex techniques which also lead to 
inaccuracy due to alterations in the normal fish metabolism through stressful 
handling of the animals (Cho, 1987).
There are various techniques available for measuring total ammonia in 
aqueous solution which have been used to estimate non-fecal nitrogen excretion 
in fish, including enzymatic assays (Cameron and Heisler, 1983), ammonia 
electrodes (Kaushik, 1980), chemical titration, and even indirect methods 
based on oxygen consumption (Brafield and Solomon, 1972).
Smith et <i/.(1978) designed a direct calorimeter to be applied in fish 
studies, but a most widely used technique is indirect calorimetry based upon the 
measurement of oxygen consumption (Solomon and Brafield, 1972; Cho et al., 
1975; Brett and Groves, 1979).
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However, there is a simple schedule, developed by Cho and Kaushik 
(1985) involving the estimation of digestible energy and comparative carcass 
analysis to determine metabolizable energy and recovered energy. Digestible 
energy is easy to determine and fish are more suitable for comparative carcass 
analysis than other animals because it is possible to sample and homogenize a 
large number of fish with relative ease.
This schedule is summarized in Table 4, and was used with Sparus aurata 
juveniles, as part of the present work.
Table 4. Fate of dietary energy in fish through digestibility analysis and 
comparative carcass analysis (Cho and Kaushik, 1985).
1) Measure of digestible nitrogen intake (DN) and digestible energy (DE) intake.
2) Measure of recovered nitrogen (RN) and energy gains (RE) in fish carcass.
3) Estimation of non-fecal nitrogen losses:
ZN  + UN = DN - RN
ZE + UE = 24.9 KJ/g N  x (ZN  + U N )
ME = DE - (ZE + UE)
HE = ME - RE 
ERE = RE/DE
Where:
ZN  «  branchial N  loss 
UN *  urinary N  loss 
DN ■ digestible N  intake 
RN ■ recovered tissue N  
ZE *  branchial energy loss 
UE ■ urinary energy loss 
ME “  metabolizable energy
DE = digestible energy 
RE ■ recovered energy 
HE = total heat loss 
ERE «  energy retention 
efficiency
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1.6 The gilthead sea bream
The gilthead sea bream (Sparus aurata L.) (Superorder: Teleostea, Order: 
Perciforme, Family: Sparidae) (Figure 2), is a marine, temperate water fish species. 
Its habitats are rocky and sandy bottoms of coastal water and river deltas, where 
it thrives in groups of year class individuals (F.A.O., 1976).
Juvenile and adult animals migrate to coastal brackish lagoons during the 
spring season, where they stay until October-November, when they return back 
to open coastal waters for spawning, usually in deep waters (Suau and Lopez, 
1976). The spawning season in the Mediterranean region covers October to 
February (Coll, 1983). It is a eurythermal (10-36°C) and euryhaline species 
(salinity tolerance range: 5-60 ppt) (Coll, 1983, Chervinski, 1984). Abundant in 
the Mediterranean sea, it has also been reported in the Black sea and East 
Atlantic coasts, from Great Britain to Senegal (F.A.O., 1976).
Considered as a carnivorous species, its natural diet is composed mainly 
of crustaceans, molluscs, polychaetes, echinoderms and teleosts, prey size being 
positively correlated to fish size (Suau and Lopez, 1975; Arias, 1980; Ferrari and 
Chieregato, 1981; Wassef and Eisawy, 1985).
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Fisheries landings of this species have been sustained for the time period 
1982-1988 at about 4,500 metric tonnes per year, from the Mediterranean area 
alone (F.A.O., 1990).
Spams aurata was first cultured in the early 1970's in extensive systems 
in Italy ("valli-culture") (Faranda, 1977). This consisted of stocking wild juveniles 
into coastal brackish lagoons, often in polyculture, and harvesting them every 
2-3 years with a size of 400g. High market prices and ease of acclimation to 
rearing conditions soon made the seabream a species much in demand from 
farmers who believed in its potential as a source o f income even under intensive 
culture conditions.
Since then, major progress has been made in pond culture, which is still 
under development (Popper and 21oar, 1988). Improved management is being 
achieved by controlling fish migration and adjusting fishing techniques in the 
coastal lagoons (Chauvet, 1984). In addition, the expansion o f existing areas in 
production, including countries mainly in the Mediterranean region (Gordin, 
1983; Ledoux, 1983; Arias et al., 1984; Chauvet, 1984; Eisawy and Wassef, 1984; 
Ravagnan, 1984; Barbaro et al., 1986; Popper and Zohar, 1988), has lead to a 
major constraint: the decreased availability of fry from the natural environment 
(Ravagnan, 1984).
The above limitation encouraged a significant research effort into 
production o f fry under controlled conditions. Thus, environmental and
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hormonal control o f reproduction, larval and fry rearing, live food production 
for larval stages and hatchery technology became major areas of research 
(Barnabe, 1976; Suau and Lopez, 1976; Arias, 1977; Coll, 1983; Barnabe and 
Billard, 1984; Kadmon et al., 1985; Popper and Zoar, 1988). As a result, the "state 
of the art" in S. aurata hatchery production is now, although still in a transitory 
period, at a level where commercial hatcheries are currently operating (Lisac, 
1990).
Intensive culture systems are also proving to be appropriate for this 
species when site characteristics do not allow for extensive or semi-intensive 
operations. This trend towards intensification is being mainly directed into 
floating cage on-growing systems (Pitt et a i, 1977; Porter, 1981), and integrated 
intensive farms including hatchery and cage on-growing facilities are nowadays 
operating on a commercial basis (Frentzos and Sweetman, 1989), as well as land- 
based on-growing farms.
During the last five years the farmed production of marine fish, such as 
European sea bass (Dicentrarchus labrax) and gilthead sea bream in the 
Mediterranean region has been characterized by its rapid growth (Ricard, 1990). 
In 1987 farmed output was in the region o f 1,500 metric tonnes (o f which 300 
mt were sea bream) (Ricard, 1990). In 1989, estimated hatchery production of fry 
of both species totalled 29 million, twice the output of 1987 (Pauw and Billard, 
1990). The yield forecast for 1991 is of some 2,727 tonnes for sea bream and 
2,036 tonnes for sea bass (Flos et al., 1990). Unfortunately, no data is available
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on the relative contribution o f intensive production to the above figures, and 
extensive, semi-intensive and intensive production must therefore be considered 
together.
According to Frentzos (1990), the unit production cost o f  sea bream in on- 
growing operations can nowadays be broadly broken down as follows: 40% fry 
production, 30% feed input, and 30% other costs. F.A.O. (1983) reports that feed 
costs amount to 40-60% of total operating costs in intensive aquaculture 
enterprises. With the present trend towards an increase in hatchery technique 
development it is likely that a significant decrease in fry production costs will 
make farmers and fish feed producers concentrate on feed quality and cost- 
effectiveness.
At present, conversion rates on sea bream farms are in the region of 2.5:1 
or worse, while in the salmon farming industry conversion rates are well below 
2-1 (Frentzos, 1990). Many commercial diets presently available for this species 
basically consist of modified salmonid diets, their nutritional efficiency being 
tested by trial and error (Apoyo Tecnico a la Piscicultura - A TP , A.S. Personal 
communication).
1.6.1 Gilthead sea bream nutrition
Initial research in gilthead sea bream nutrition were mainly carried out 
in France and Israel (Sabaut and Luquet, 1973; Luquet and Sabaut, 1974; Pitt et
50
al., 1977; Marais and Kissil, 1979; Kissil et al., 1981). Since then, an increasing 
amount of work has been done covering several aspects involved in the 
nutritional requirements of this species. The anatomy and histology of the 
digestive tract, as well as the activity of some enzymes involved in digestive and 
metabolic processes (glucagon, phosphatases) have been studied (Gutierrez et 
al, 1985, 1986; Cataldi et ai, 1987).
Luquet and Sabaut (1974) determined the quantitative requirements of 
four essential amino acids in feeds for this species. Reported values, as a 
percentage of dietary protein, were: Arginine, < 2.6; Lysine, 5.0; Methionine + 
Cystine, 4.0; Tryptophan, 3.0.
Kissil and Koven (1984) tested semi-purified and purified diets with this 
species and found that amino acid supplementation of a casein-based diet 
resulting in a balance similar to hen's eggs protein, promoted satisfactory 
growth.
Up to date, the only work reported on quantitative protein requirement 
of the gilthead sea bream found a minimum dietary protein level for optimum 
growth of 40% for 3g initial body weight fish (Sabaut and Luquet, 1973). Fish 
were fed six semi-synthetic diets for 4 months containing protein in a range 
from 11.5 to 60.8% on a dry weight basis. Casein supplemented with a mixture 
of synthetic amino acids in order to obtain a balance similar to hen's eggs 
protein, was used as the main protein source. Dietary lipid levels were
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maintained at 8%, consisting o f a mixture of soy bean oil (5.7%) and cod liver 
oil (2.3%). The protein content in the diets was adjusted by substituting the 
nitrogen mixture with raw corn starch on a dry weight basis.
Koven and Kissil (1984) report that the highly unsaturated fatty acids 
(HUFA) 20:5n3 and 22:6n3 were required by S. aurata fry, but they were not in 
the position to determine whether gilthead sea bream has the ability to 
synthesize, elongate and desatórate the linolenic, 18;3n3 series precursors. In a 
similar sparid species, the red sea bream {Chrysophrys major), Kanazawa et al. 
(1979) and Yamada et al. (1980) found that although there seems to be a 
metabolic pathway for linolenic acid (18:3n3) to higher unsaturated fatty acids, 
conversion is slow and may be insufficient to meet the requirements o f the 
essential 20:5n3 and 22:6n3.
Marais and Kissil (1979) found that no improvement in growth was 
obtained in S. aurata juveniles beyond 8-9% dietary lipids, when soy bean oil 
was used as main source of lipids.
Kissil and Gropp (1984) suggest that 10% and 5% dietary lipid contents 
are optimum for 3g and 45g S. aurnta, respectively, and that capelin oil gives 
better results than soy bean oil as a dietary lipid source for this species.
Furuichi and Yone (1981) suggest that red sea bream is naturally 
potentially diabetic, and that long term feeding of high carbohydrate diets may
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reduce the utilization of dietary carbohydrate. The lowest plasma insulin levels 
were produced in those fish being fed on the highest (40%) dietary dextrin level, 
^^^^l^hi and Yone (1982) found that the availabilities of glucose and dextrin in 
red sea bream diets were considerably inferior to that of a-starch. In this species, 
dietary glucose levels above 10% depressed weight gain, protein conversion 
efficiency, increased liver size and promoted significant liver glycogen 
deposition (Furuichi et al., 1971).
In S. aurata, Mazzola and Rallo (1981) successfully used a feed with a 
carbohydrate level of 31% on a dry weight basis, with wheat meal as main 
carbohydrate source.
Different commercial diets fed to S. aurata in France and Italy with 
carbohydrate levels varying from 14 to 29%, contained wheat meal and 
pregelatinized wheat starch as main sources of carbohydrate (New, 1986).
With respect to protein to energy ratio, Marais and Kissil (1979) reported 
that low energy diets (P;E ratio = 22mg/KJ) supported better growth 
performance of 44g S. aurata juveniles than high energy diets (P:E ratio = 
20mg/KJ). Fish were fed for three months, diets containing a mixture of fish 
meal, meat meal and soya meal as protein sources, and soy bean oil as main 
source of lipids. Different P:E ratios were primarily achieved by ranged levels 
of protein (41-44%) and lipid contents (9-16%) in the diets.
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Kissil and Gropp (1984) found that best P:E ratio for 45g S. aurata 
juveniles was 25 mg/KJ (40/5 = %prot/%lip), and 23 mg/KJ (44/10 = 
%prot/%lip) for 3g fingerlings. In the experiment with juveniles, two dietary 
protein levels (36 and 40%) were combined with two lipid levels (5 and 15%) 
and two lipid sources (soy bean and capelin). In the experiment with fingerlings, 
two dietary protein levels (40 and 44%) were combined with three lipid levels 
(5, 10 and 15%), and the above mentioned two lipid sources. The sources of 
dietary protein in both experiments were fish meal, meat and poultry meal, soy 
bean meal, feather meal, fish concentrate protein and soy bean protein. Capelin 
oil gave the best results as dietary lipid source.
Pereira et al. (1987) reported that high protein, high energy diets (51/14 
= %prot/%lip) supported better growth performance in l-6g S. aurata when 
diets with a range of 46 to 51% dietary protein and a fixed 14% lipid content 
were tested. Fish meal and cod liver oil were the main sources of dietary protein 
and lipid, respectively.
In a recent work by Takeuchi et al. (1991) with red sea bream, the authors 
found that the optimum combination of dietary protein and lipid for 2-7g fish 
was 52% and 15%, respectively. White fish meal plus casein and pollack liver 
oil were the sources of dietary protein and lipid, respectively.
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Kissil et al. (1981) determined that the minimum dietary vitamin 
pyridoxine, requirement of the gilthead sea bream was 1.97 mg/Kg of dry diet.
N ew  (1986) suggests that provided the phosphorus level is kept above 
about 0.7% of the diet, there is no evidence that any mineral supplementation 
is necessary in feeds for marine Percoidae which are made from conventional 
animal feed ingredients. The latter author also suggests provisional dietary 
vitamin levels in feeds designed for marine Percoidae:
Vitamin (mg or lU/Kg dry diet!
A 6000Bj (Thiamine) 20B2 (Riboflavin) 20Bj(Pyridoxine) 20Bi2 (Cyanocobolamin) 0Folic acid 5Inositol 600PP(Niacin) 150Pantothenic acid 50C 200Choline 2000Dj (Cholecalciferol) 2500E(a-tocopherol) 200H(Biotin) 1K 10
The study of the use o f  dietary attractants has also been reported for S. 
aurata. Tandler et al. (1982) report that ad-libitum food intake was signihcantly 
increased in this species when basal diet was supplemented with 10 or 20 g/Kg 
o f a synthetic mussel (Mytilus edulis) muscle extract.
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1.7 The aims of this work
The initial interest in the gilthead sea bream as a potential candidate for 
intensive aquaculture has lead to a significant research effort devoted to 
different aspects concerning its nutritional requirements. However, there still 
exists a lack of detailed research work into major aspects involved.
Quantitative essential amino acid and essential fatty acid requirements, 
vitamin and mineral requirements, quantitative protein, lipid and carbohydrate 
requirements as well as the interactions between the different nutrients, 
digestibility o f different feedstuffs and bioenergetics, are among these aspects.
The overall objective of the present work was to carry out orderly 
nutritional research with Spnrus ciuratn on the following:
1) Specific dietary protein requirements.
2) The sparing effect of dietary lipid upon protein.
3) Evaluation of different feedstuffs and the effect of their relative 
proportion in the diet on nutrient digestibility and energy utilization.
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A  previously reported work on dietary protein requirements for this 
species suggests an optimum protein level of 40% for maximum growth in 3g 
fish (Sabaut and Luquet, 1973). In addition, other authors suggest optimum 
levels o f dietary protein of 40 and 44%, corresponding to dietary lipid levels of 
5 and 9%, respectively, for similar size S. aurata (45g) (Marais and Kissil, 1979; 
Kissil and Gropp, 1984)
On the other hand, recent works carried out with gilthead sea bream, and 
a similar species red sea bream, suggest that high protein, high energy diets 
could be more suitable for l-7g fish o f these species, with optimum dietary 
protein levels arround 51-52% and optimum dietary lipid contents of 14-15% 
(Pereira et aL, 1987; Takeuchi et al, 1991).
Thus, there seems to be a certain amount of contradiction between some 
of these results, particularly when similar nutrient sources were employed in 
different experimental works.
In addition, the possible protein-sparing effect of dietary lipids in S. 
aurata has not been yet clearly established, and no previous works on 
digestibility and energy utilization for this species have been reported.
Experiments were conducted with different fish sizes and under 
particular environmental conditions (Canary Islands).
57

2. MATERIAL AND  METHODS 
(GENERAL)
2.1 Experimental animals
Four different gilthead sea bream sizes were utilized in six different trials: 
0.8g fry, 5g fingerlings, 45g and 60g juveniles, and 90g growers. A ll were 
obtained from a local fish farm, DORADA FISH,S.A., located 28 Km. from the 
marine station where the experiments were carried out.
Healthy fish were selected each time by capturing those fish more actively 
coming when food was offered. These were then transported in a van equipped 
with three Im^ tanks half filled with sea water and supplied with bubbled 
oxygen as required.
2.2 Experimental systems
Three independent experimental tank systems were constructed. A ll o f them 
consisted of different flow-through fibre-glass tanks. Natural sea water entering
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these systems was pumped from a well with two 10 Hp, stainless steel 
centrifugal pumps to a concrete header tank of 27 m  ^ capacity to allow for 
sedimentation prior to delivery to the tanks.
2.2.1 Tank system I
This system consisted of 24 fibre-glass, 100 litre tanks with P.V.C. pipes. It 
was maintained with a controlled photoperiod of twelve hours light and 
twelve hours dark because of poor natural illumination of the unit. The water 
entered each tank at a rate of 2.5 litre/min. through a tangential pipe to give 
a circular flow. The outflow was from a circular stand pipe in the bottom of the 
tank with a framed plastic net cover to avoid fish losses. Effluent water from 
each tank passed through a drainage channel to the main station outlet. Water 
passed through a 500 pm cartridge filter prior to entering each tank. The overall 
system layout and tank shape is shown in Figs. 3a, 3b, and Plate 1.
2.2.2 Tank system II
This system was constructed using 15 fibre-glass, 1000 litre tanks with 
P.V.C. pipes. It was maintained with a natural photoperiod due to good natural 
illumination of this unit. The water entered each tank at a rate of 10 litre/min. 
through a tangential pipe. The outflow was from a central stand pipe in the 
bottom of the tank. Effluent water from each tank was directed through a
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Figure 3b. Tank shape In system I:
A) Circular stand pipe. B) Plastic net 
C) Water outlet
drainage channel to the main station outlet. Water entered the system as 
delivered from the header tank without prefiltering, as it was designed for 
bigger experimental fish. The overall system layout and tank shape is shown in 
Figs. 4a, 4b, and Plate 2.
2.2.3 Tank system III
This system consisted of 12 cylindrical, fibre-glass 125 litre tanks with 
conical bottoms. The water entered each tank at a rate of 6 litre/min. through 
a tangential pipe. In the deeper zone there was an outlet pipe with a valve, so 
that all the faeces which were carried by the water flow  to this end of the tank 
were collected. The outflow upwelled through an acrylic settling column on the 
side of the tank and faeces settled to the base of this column because of their 
relative density. The faeces could then be collected at the bottom of the column 
in collection flasks. The faeces-free effluent water from each tank was drained 
from the top o f the sedimentation columns and directed through a drain pipe 
and drain channels to the main station outlet. Water entered the system as 
delivered from the header tank. The overall system and tank shape is shown 
in Figs. 5a, 5b, and Plate 3.
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Figure 4b. Tank shape in system II;
A) Circular stand pipe. B) Water outlet


_5Qc
vV.'
Figure 5b. Faeces collection tank:
A) Water outlet. B) Valve. C) Settling 
column.


2.3 Environmental parameters
The water temperature was recorded twice a day with a Crison digital 
portable thermometer (Mod. 637). Dissolved oxygen levels and pH values were 
measured every three days with a Ciba-Corning portable PH, conductivity and 
dissolved oxygen meter (Mod. M-90). Salinity was measured twice a week with 
an Atago portable refractometer. Nitrite values were estimated every three days 
using the method described by Parsons et al. (1985). This parameter was 
measured as an alternative to ammonia because the appropriate technique was 
not available by the time the experiments were carried out, and high ammonia 
levels were unlikely to occur as flow-through systems were always used.
2.4 Experimental diets
Based on reported work by Luquet and Sabaut (1973), where the authors 
studied some essential amino acid requirements for gilthead sea bream, and on 
direct correlation found between the pattern of amino acids in pig and chicken 
tissues as a percentage of the total essential amino acids and the dietary 
requirements for amino acids (Boorman, 1980) and described for some well 
studied fish species (Cowey and Tacón, 1981; Tacón, 1990), the essential amino 
acid profile of 5. aurata fingerlings was used as a reference for dietary 
formulation.
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The amino acid profile of S. aurata was obtained by killing a number of 
reared fingerlings of average weight 1.05g by overdose of benzocaine (1:400). 
These were then dried in an oven at 105°C overnight, the fat was extracted by 
soxhlet with petroleum ether and the protein was then hydrolysed with 6M 
hydrochloric acid. Amino acids were then analysed in a Chromakon amino acid 
analyzer (Mod. 500) as per manufacturers specifications.
Table 5a shows the carcass amino acid profile as a percentage of the 
total essential amino acids for sea bream. This was used for establishing the 
relationships between carcass composition and requirements. Table 5b also 
shows the amino acid profile of Sardina pilchordus meal, which was used as 
the protein source during the trials, as represents the amount of amino acids 
supplied in diets containing 40% and 55% protein, for reference. (Background 
analysis and data calculation are summarized in Appendix I).
When comparing these data with those reported by Luquet and Sabaut 
(1974), the quantitative requirements of three determined essential amino acids 
for sea bream appear to be covered by the experimental diets used in the 
present work. Thus, when expressed as a percentage of dietary protein, the 
amount o f arginine offered was 5.9 (< 2.6); lysine, 9.0 (5.0) and methionine plus 
cystine, 4.17 (4.0); values in parenthesis representing those reported b y  Luquet 
and Sabaut (1974) for the gilthead sea bream.
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Table 5a
Relationship between carcass essential amino pirofile of S. aurata and its EAA requirement. acid (EAA)
Percentage of EAA as % total EAA in sea bream fingerlings carcass.
of Calculated EAA requirements of sea bream fingerlings for diets containing A (40%) and B (55%) protein, as % of dry diet.
Arginine 12.71 A1.74 B2.39Histidine 5.23 0.73 1.00Isoleucine 10.74 1.50 2.07Leucine 15.01 2.10 2.89Lysine 15.70 2.20 3.02Methionine 5.71 0.80 1.10Phenylalanine 7.21 1.01 1.39Threonine 10.52 1.47 2.03Valine 9.35 1.31 1.80Cystine(*) 2.00 0.28 0.38Tyrosine(* ) 6.11 0.85 1.18
(*) Non-essential amino Basis of analysis: 1.05 acids^ 2.9 g average body wt. fingerlings.
Table 5b
The EAA profile of the sardine meal percentage of total EAA, utilized as pilchardus) foodamount of EAA (55%) protein supplied in as percentagediets containing B of dry diet. (40%), and C
A B C
Arginine 10.17 2.35 3.23Histidine 5.92 1.36 1.88Isoleucine 11.70 2.70 3.71Leucine 14.96 3.45 4.75Lysine 15.58 3.60 4.94Methionine 5.23 1.21 1.66Phenylalanine 8.11 1.87 2.57Threonine 10.39 2.40 3.30Valine 9.63 2.22 3.06Cystine(*) 1.99 0.46 0.63Tyrosine(* ) 6.32 1.46 2.01
(*) Non-essential amino acids.NB, Tryptophan, as essential amino acid, was not recovered by the analytical technique used.
The experimental diets were formulated using sardine meal as the only 
source of protein. Table 6 shows the fatty acid profile of the sardine oil which 
was used as the main source of lipids in the experimental diets. Oil samples 
were transmethylated overnight using nonadecanoid acid (19:0) as internal 
standard (Christie, 1982). Methyl esters were extracted with hexane:diethyl ether 
(1:1, v/v) and purified by thin-layer chromatography. Analyses of fatty acid 
methyl esters were performed on a capillary gas chromatograph using on- 
column injection and thermal gradient.
The diet ingredients were mixed with a Danamix mixer (Mod. BM 330) 
for at least 20 minutes and later the oil was incorporated with a small amount 
of distilled water to obtain a crumble mixture. The mixture was then pelleted 
by extrusion in a 2 HP Mobba pellet mill (Mod. 8.3) prepared to produce pellets 
with the required diameter for each experiment.
The pellets were then dried at 40°C in a forced air convection dryer and 
the final diet was stored in air-tight containers in a freezer at -20°C. Small 
portions of each diet were weekly placed in the fridge (4“C) and weighed out 
daily as required for feeding.
Dried samples of the prepared diets were taken for triplicate proximate 
analysis. Values for gross energy (GE) and metabolizable energy (ME) in diets 
were obtained by calculation (with the exception of diets used in digestibility
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trials), based on the assumption that protein had an energy value of 23.4 KJ/g 
(18.85 KJ/g for ME) (Smith, 1971), carbohydrates had an energy value of 17.2 
KJ/g (14.62 KJ/g for ME) (Chiou and Ogino, 1975) and dietary lipids had an 
energy value of 39.8 KJ/g (35.66 KJ/g for ME) (Austreng, 1978; Cho et <î/.,1982; 
Brafield, 1985).
Tables 7 and 8 show the mineral and vitamin mixtures used in the 
experiments, which were prepared with carboxy methyl cellulose (sodium salt) 
as carrier. Commercial mixtures were employed after experiment III for practical 
reasons, as considerable ammounts of experimental diets were produced for 
experiments IV, V and VI.
2.5 Chemical analysis
Fish carcasses, diets and faeces were analyzed for crude protein using 
the Micro-Kjeldhal technique with a Tecator/Kjeltec System 1003 distilling unit 
(AOAC, 1985). The fat content was determined by extracting dried samples 
using a soxhlet apparatus and petroleum ether (40-60°). Crude fibre content was 
determined by the digestion method with diluted H2SO4(0.225 N ) and NaOH 
(0.313 N ) (AOAC, 1985). Ash content was determined by heating a pre-weighed 
sample within a silica crucible in a muffle furnace at 450°C for 12 hours. 
Moisture was determined by drying a weighed sample in a drying oven at 
105°C for 24 hours (AOAC, 1985).
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Table 7
Mineral and vitamin mixtures used in all diets (Exp.I,II,III). (*)
Vitamin Mixture(1)(mg/Kg or lU/Kg of dry diet) Mineral Mixture(2) (g/Kg of dry food)
Thiamine (Bj) Riboflavin (Bj) Pyridoxine (Bg) Calcium Pantothenat Nicotinic Acid Biotin (H)Folic Acid 
Cyanocobalamin (Bjj) Choline Chloride Myo-Inositol Ascorbic Acid(Vit C Alpha Tocopherol(Vi Menadione (K3 ) Cholecalciferol (Dj) Ethoxyquin Retinol acetate (A)
4 0 . 0 ( H , P O J C a
50.0 Ca C O 3
4 0 . 0 FeSO^ ., 7H 2O
:e 1 1 7 . 0 MgSO^ .7H 2O200.0 K2H P O 4
1.0 NajPO^ .H2O10.0 A I 2 (SO4)3- 6H 2O0 .5 ZnSO^ .7H 2O
2 7 0 0 . 0 C U S O 4 , 5H20
6 0 0 . 0 MnSO. .H 2O
) 1000.0 KI
t E) 2 5 0 . 0 C 0 S O 4 •.7H 2O20.0
lU 2 0 0 0 . 0
100.0
lU 5 0 0 0 . 0
1.60504 . 0 0 0 0  1.50001.6050 2.8000
1 . 0 0 0 0  
0 . 0 2 0 0  0.2400 
0 . 1 2 0 0  0.0800 
0 . 0 2 0 0  0.0800
(*) New, 1986; Higuera, personal communication,

Chromic oxide content was determined using the wet acid method 
proposed by Furukawa and Tsukahara (1966). Gross energy content of fish 
carcasses, diets and faeces was determined using a PARR oxygen bomb 
calorimeter (Mod. 1261).
2.6 Nutritional formulae
The following formulae were utilized in the nutritional assessment of 
the effects of dietary protein level and protein to energy ratio on growth and 
performance o f S.auratn. Formulae employed in assessment of digestibility and 
nutritional energetics are also shown.
GROWTH
INDIVIDUAL WEIGHT GAIN ( IWG g (mg)/day)
IWG = (W/n)T
Where W = total population weight gain over time T (days) and n individuals were present at time T.
WEIGHT GAIN (%)
Weight gain (%) = Final weight - Initial weight x 100
Initial weight
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Estimation of Non-faecal losses:
Losses of digested, absorbed nitrogen occur mainly through the gills and 
in the urine with negligible amounts from surface losses as mucous and scales 
(Cho, 1987). Therefore, total non-faecal nitrogen loss, branchial and urinary, is 
estimated by the difference between digested nitrogen and recovered nitrogen 
as shown in the following expressions:
ZN + UN = DN - RN 
ZE + UE = (ZN + UN) X  24.9 Kj/g N
ZN + UN = 24.9 X (Digestible N intake - Recovered N)
Where ZN = branchial N lossUN = urinary N loss DN = digestible N intake RN = recovered tissue N ZE = branchial energy loss UE = urinary energy loss ME = metabolizable energy DE = digestible energy
Note. 24.9 KJ/g N was used to estimate the energy loss of 
the non-faecal nitrogen excretion based on the assumption 
that the major part of the nitrogen (>85%) is excreted as 
ammonia (Cho, 1987) .
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2.7 Statistical analysis
One-way analysis of variance, Tukey's range test, Kruskal-Wallis test and 
Student's test were employed in evaluating the significance of the experimental 
results (Zar, 1984).
A  dose-response analysis was also employed to determine the nutritional 
requirements for protein (Zeitoun et al., 1976).
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3.1 INTRODUCTION
Proteins represent the largest chemical group in the animal body with the 
exception of water. The whole fish carcass contains on average 75% water, 16% 
protein, 6% lipid and 3% ash (Tacón, 1990).
Protein synthesis requires dietary amino acid supply. At maintenance 
level the fish requires protein for replacement of tissues such as intestinal 
epithelial cells, enzymes and hormones, which are vital for the proper function 
of the body and are recycled quite rapidly. As the tissue protein content is high 
it is obvious that protein requirements will increase with increased rates of 
tissue synthesis (e.g. during growth or gametogenesis) (Fauconneau, 1985).
If adequate protein is not provided in the diet, there is a rapid reduction 
or cessation of growth or a loss of weight because the animal withdraws protein 
from some tissues to maintain the functions of more vital ones. On the other 
hand, if too much protein is supplied, proportionally less will be used to make 
new protein and the rest will be metabolized to produce energy (N.R.C., 1983).
Thus, the protein requirement of any animal species is one of the major 
questions to resolve before being able to prepare balanced diets.
The study of dietary protein requirements in fishes has been almost 
entirely based on studies comparable to those conducted with terrestrial farm
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animals. This involves laboratory based feeding trials where the animals are 
kept in a controled environment at high density and having no access to natural 
food organisms (Tacón, 1990).
Dietary protein requirements of fish are normally investigated by feeding 
the animals different balanced diets containing graded levels of a high quality 
protein (Tacón, 1990), and from the resulting dose-growth response curve the 
protein requirement is usually obtained by an "Almquist plot" (Zeitoun et ai, 
1976). Other criteria such as indexes of protein utilization in response to the 
above treatments (Ogino, 1980), or the use of different ratios of protein to 
dietary energy to investigate dietary protein requirements (Tacón, 1990), are 
different approaches used by some workers today.
Many of the results on dietary protein requirements for various fish 
species shown in Table 2 (Section 1.2.2) were obtained using semi-purified or 
purified test diets (De Long et a l, 1958; Nose and Arai, 1972; Yone et ai, 1974; 
Garling and Wilson, 1976; Dabrowski, 1977; Sen et al., 1978; Takeuchi et al., 1979; 
Kanazawa et al., 1980; Winfree and Stickney, 1981; Shi et al., 1988). However, it 
is broadly recognized that purified proteins, such as casein, are deficient in 
certain essential amino acids (Jauncey, 1982). Furthermore, when casein-based 
diets supplemented with crystaline methionine (of which casein is deficient) 
were fed to rainbow trout, the absorption of this amino acid took place sooner 
than the rest of the dietary amino acids, diminishing growth and food 
conversion efficiency (Higuera, personal communication). This is because
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optiinal protein synthesis recjuires that all annino acids (whether they are derived 
from whole proteins or amino acid supplements) are presented simultaneously 
to the tissue. If such an equilibrium is not achieved, amino acid catabolism takes 
place with consequent loss of growth and feed efficiency. Other fish species 
have also shown a more rapid absorption of free amino acids than that of amino 
acids from whole proteins (Plakas et al, 1980; Yamada et al., 1982).
Up to date, the only work on the quantitative protein requirement of the 
gilthead sea bream (Sabaut and Luquet, 1973) was performed using semi­
synthetic diets. Casein supplemented with a mixture of synthetic amino acids, 
in order to obtain a balance similar to hen's egg protein, was used as the dietary 
protein source.
The above authors reported a minimum dietary protein level for optimum 
growth of 40% for 3g initial body weight fish. Dietary lipid levels were 
maintained at 8%, consisting of a mixture of soy bean oil (5.7%) and cod liver 
oil (2.3%).
In a work reported by Kissil and Gropp (1984), optimum dietary protein 
and lipid for 3g S.aurata fingerlings were found to be 44% and 10% respectively 
when a mixture of fish meal, meat and poultry meal, soy bean meal, feather 
meal, fish protein concentrate and soy bean protein was used as the protein 
source, and capelin fish oil as the lipid source. With these ingredients, 40% 
protein and 5% lipid were found optimum for 45g juveniles.
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On the contrary, other works carried out with l-7g gilthead sea bream 
red sea bream using fish meals and fish oils in the diets reported optimum 
dietary protein levels around 51-52% for both species (Pereira et al., 1987; 
Takeuchi et al., 1991).
The aim of the present study was to determine the quantitative dietary 
protein requirement of S.aurata by varying the levels of protein in diets, using 
sardine meal and sardine oil as protein and lipid sources, respectively. The 
study was designed to provide a basis to discuss some of the contradictory 
results reported for this species, particularly when similar nutrient sources were 
employed in different experimental works, and also to provide preliminary data 
for the next chapter, where dietary protein requirements were studied in relation 
to optimum dietary protein to energy ratios.
3.2 MATERIALS AND  METHODS
For the two different trials (I and II), sea bream fry and juveniles of mean 
body weights 0.8g and 59.6g were employed, respectively. Experimental fish 
were stocked at 30 fry per tank and 15 juveniles per tank, three tanks per 
treatment.
Prior to starting the experiments, both fry and juveniles were acclimated 
for one week, feeding them with diets containing 39.3% and 41.0% protein at a
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rate of 3% and 2% of body weight/day, respectively. Feeding rates in fry were 
significanUy lower during the acclimation period as fish demand was lower than 
that observed after the first week, when the above rate (3%) was increased to 6% 
of body weight/day. At the start of the experiments 100 fry and 10 juveniles 
were killed by an overdose of benzocaine and stored at -20°C for subsequent 
chemical analysis.
Tank system I (Section 2.2.1) was utilized in both trials and Table 9 shows 
the mean values obtained for the environmental parameters recorded during the 
present experiments (As detailed in Section 2.3). All values were within the 
optimum ranges for this species (Section 1.6).
Variations in the dietary protein level were achieved by replacement of 
fish meal with starch and dextrin in order to produce approximately isoenergetic 
diets. The objective in the first experiment was to obtain diets containing a range 
of dietary protein from 35 to 65% and a fixed lipid content of 9%, and a range 
of 30 to 60% protein and a fixed 9% lipid in the second trial. Proximate analysis 
(Section 2.5) of the sardine meal, including determination of moisture, crude 
protein, ether extract, ash and nitrogen free extractive (NFE) was performed 
prior to diet formulation. Table 10 shows the composition of the experimental 
diets for the experiment with fry, and Table 11 shows the composition of the 
diets for the experiment with juveniles.
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Tabi* 10
Coijpo*it1on of «xp o rlM n ta l diats uaad In th* axparlaant with aaa braaa trv
Proxlaat. a n a ly .1 . on a a o i.t u r . f r a .  baala, with t Ì T c a l c u l a t -  K i a l n r ^ ^ r g y  ra tio .
INGREDIENTS (X ) DIET NUN8ER
1 2 3 4 5 6 7
Sardlna a a a U l) 46.37 54.10 61.83 69.56 77.29 85.02 92.75
Com daxtrin 9.30 7.87 6.45 5.00 3.60 2.15 0.75
Com starch 27.90 23.62 19.35 15.00 10.80 6.45 2.25
Sardlna o i l 4.48 3.73 2.97 2.22 1.47 0.71 0.00
C.N.C*Llulosa(2) 7.95 6.68 5.40 4.32 2.84 1.67 0.25
Vltaain P ra a lx O ) 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Hinaral Pr*a1x(331 2.00 2.00 2.00 2.00 2.00 2.00 2.00
NUTRIENT CONTENT (X )
Cruda protain 33.77 39.28 45.06 50.14 55.56 63.00 67.29
Ethar axtract 9.32 9.20 9.18 8.77 8.94 8.61 9.16
Ash 11.09 12.13 13.11 13.37 14.37 15.49 16.33
Fibra 0.14 0.22 0.12 0.26 0.70 0.13 0.13
NFE (4 ) 45.89 39.39 32.65 27.72 21.13 12.90 7.22
6E (NJ/KgXS) 19.53 19.68 19.88 20.06 20.28 20.49 20.74
NE (NJ/KgXÓ) 16.38 16.44 16.54 16.63 16.75 16.83 17.00
P :E ra tio  (7 ) 17.29 19.96 22.66 24.99 27.40 30.75 32.44
(1> Proxlaat* analyala (X dry w t,): Cruda protain: 72.7, Ethar axtract: 8.5, Fibra: 9 7,
17.2.
(2) Carboxy aathyl calluloaa (Sodlua aalt)
(3) Tabi* 7, Sactlon 2.4
i i ì  axtraetiv**, ealeuUtad aa 100 -  (X prot. ♦ X U p. ♦ X aah)
<5) se -  «roa* anarsy contant. p *
(6) NE ■ Natalxillsabl* anargy ecxttant.
<7) P:E ■ Protain to anargy ratio In o protaln/NJ of SE.
Table 11
Coaposltlon of the axperiaental diet* usad in the exoariawit with h-___ 4IT «..- ,. -.1 ,.,, „ .
INGREDIENTS (X) DIET NUNBER
1 2 3 4 5 6 7
Sardine a e a ld ) 37.48 44.98 52.47 59.97 67.47 74.96 82.46
Com dextrin 12.36 10.63 8.91 7.18 5.45 3.72 1.99
Com starch 37.09 31.90 26.72 21.53 16.35 11.17 5.99
Sardine o i 1 6.07 5.49 4.90 4.32 3.73 3.15 2.56
C.H .Cellulose(2) 2.50 2.50 2.50 2.50 2 .50 2.50 2.50
Vitaain praaix(31I 2.00 2.00 2.00 2.00 2 .00 2.00 2.00
Hineral prao1x(3} 2.00 2.00 2.00 2.00 2 .00 2.00 2.00
Indicator (Cr2 0 j ) O.SO 0.50 0.50 0.50 0.50 0.50 0.50
NUTRIENT CONTENT (X )
Crude protein 32.41 36.81 41.03 45.27 50.89 56.14 62.20
Ether extract 9.57 9.41 9.03 8.54 8.61 8.64 9.47
Ash 9.43 10.49 11.56 12.69 13.84 15.15 16.46
Fibre 0.60 0.53 0.60 0.41 1.09 0.51 0.35
NFE (4 ) 48.59 43.29 38.38 33.50 26.66 20.07 11.87
6E (NJ/Kg) (5 ) 19.79 19.85 19.85 19.82 19.99 20.11 20.46
HE (NJ/Kg) (6 ) 16.62 16.62 16.56 16.48 16.56 16.60 16.84
P:E ra tio  (7 ) 16.38 18.54 20.67 22.84 25.46 27.92 30.40
<1) Proxiaata analysis (X dry w t . ) :  Cruda protein: «6 .7 , Ether e x tra c t: 7.B1, Fibre: 9 .5 ,
Aâh; 16.7s
C2) Carboxy aathyl calluloae (Sodiua s a lt ) .
(3> Table 7 , Section 2.4 .
f i t  Ï Î V n ï l ! '* " ® * ’ extractives, calculated as 100 -  (X p ro t. ♦ X l ip .  ♦ x ash)(5 )  «E ■ arose anergy contant. «  *ip. -r * wn/
** ■ Hotabolixable anergy oontant.
( T )  P:E -  Protein to anergy ra tio  in  g protein/NJ of aE.
The diameter of pellets was 2mm for the juveniles, with a length: 
diameter ratio of 2:1, and the latter broken into smaller pieces according to the 
size of the fish, in the case of fry (Average size: 1mm).
The feeding regimes used throughout both trials were 6% and 2% body 
weight per day, respectively, the frequency of feeding was maintained at 5 times 
a day, 6 days a week, and twice on Sundays to optimize food conversion 
efficiency. The food was given taking care to provide a small amount of food 
at a time, to be sure that the fish ate all the diet offered. The trials were 
continued for 54 days with gilthead sea bream fry and for 82 days with 
juveniles.
At the start and at the end of the experiments, fish were individually 
weighed under anaesthesia (Methylpropanol -3- Chlorine, 7ml/101) to the 
nearest two decimal places (0.02g) on a Mettler top-pan balance (Model PE- 
3600). At subsequent fortnightly intervals, fish were batch weighed in a bucket 
containing pre-weighed water to avoid stressfull handling and anaesthesia. At 
the end of the experiments, fish were dried in order to obtain total moisture and 
later the carcasses were finely ground for chemical analysis.
Fish mortality was recorded daily and the weights of dead fish were 
subtracted from the total in order to adjust the daily amount o f food offered. As 
dead fish were removed every early morning, they were usually intact. All fish 
dead before every weighing were excluded from records, and this was applied 
in all experiments.
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3.3 RESULTS
3.3.1 EXPERIMENT I (Frv)
3.3.1.1 Growth
The growth response of S.aurata fry over the experimental period to 
different dietary protein levels is shown in Figure 6. The best growth response, 
in terms of final body weight, was observed for fish consuming diet 5 (55.6% 
protein), with significant (p < 0.05) differences between this protein level and the 
other diets following in the order: 6 (63.0% protein) > 4 (50.1% protein) > 7 
(67.3% protein). No significant differences (p < 0.05)were found in final body 
weight between the fish fed the lower protein diets 1, 2 and 3 (33.8%, 39.3% and 
45.1% protein, respectively). Growth supported by these diets was significantly 
(p < 0.05) lower than supported by the higher protein diets (Table 12).
A  similar response was also observed on the basis of specific growth rate 
and percentage weight gain, the maximum value always being found for diet 
5 (Table 12).
A  trend of increment in specific growth rate with dietary protein level 
was observed (Figure 7). This trend was not maintained above 55.6% protein, 
where the specific growth rate declined.
76
Flour* O. Growth raspón** of S.surst* 
fry ov*r th* *xp*rlm*nt*l psriod at 
diffsront d istary  protain laval*.

tpaelUc v iow th  rala ( « / d a r )
40 SO 60
OlataiT piolain laaal (% )
9t99m 7. •twlfe wmrn •!L m M  trr «*«!••!
70
70
OMIVT I ala laaal ( • )
Protein gain per individual fish over the experimental period is shown 
in Figure 8. Again, there is a rapid increase with dietary protein level, with a 
maximum at 55.6% protein, followed by a decrease.
The data on percentage weight gain and mg protein gained per fish over 
the experimental period were re-plotted in Figure 9. These data were then 
analysed using the "broken-line" technique described by Zeitoun et a/.(1976), in 
which the significantly different values at the lower protein levels are expressed 
by a linear regression and a second, horizontal line is derived from the mean 
values at the higher protein levels which are not significantly different from 
each other. The intersection of these lines is taken as an indication of the dietary 
protein requirement of the fish. In this case both figures suggest a protein 
requirement of 49.6% as an average (Figure 9).
The same data on percentage weight gain and mg protein gained per fish 
were analysed using a polynomial regression analysis also described by Zeitoun 
et al. (1976), in which a second order polynomial curve, represented by the 
equation Y = + B,X + BjX*, is characterized by having a unique maximum
point (Ymax) along its range. The value of Xmax that corresponds to Ymax is 
defined as an indication of the dietary protein that produces optimum growth 
or protein gain, and beyond which both parameters are depressed. In this case 
both figures suggest a protein requirement of 55.0% (Figure 10).
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3.3.1.2 Food Conversion Efficiency
There was a trend towards significantly (p < 0.05) better food conversion 
efficiencies as the dietary protein level increased. No significant differences (p 
< 0.05) were found in food conversion efficiency between the fish fed diets 4, 5 
and 6 (50.1%, 55.6% and 63.0% protein, respectively). Beyond diet 6, which 
showed the highest FCE, diet 7 had a value similar to those supported by the 
lower protein diets (Table 12).
3.3.1.3 Protein Efficiency Ratio
After a slight decrease for diet 2 (39.3% protein), protein efficiency ratio 
(PER) values increased up to a maximum in diet 5 (55.6% protein), beyond 
which they showed a rapid decrease (diets 6 and 7). However, no significant 
differences (p < 0.05) were found between all diets (Table 12, Figure 11).
3.3.1.4 Apparent Net Nitrogen Utilization
Similarly to PER values, after a decrease from diets 1 to 3, the values of 
apparent net nitrogen utilization (APNU) increased to a maximum in diet 5 
(55.6% protein), beyond which they showed a rapid decrease (diets 6 and 
7)(Figure 11 and Table 12).
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3.3.1.5 Carcass Composition
The proximate composition of the whole fish carcass at the start and at 
the end of the experiment is shown in Table 12. In general, the body 
composition was not greatly affected by the administration of different levels of 
protein in the diets. The fish fed the higher protein levels tended to have lower 
moisture contents, higher lipid and protein than those fed the lower protein 
levels.
3.3.1.6 Mortality
Mortality varied from 10% to 18.5% (Table 12), with the exception of 
25.4% mortality in diet 3, survivals were overall lower than expected. This may 
have been due to poor vigour of the fish batch used in the experiment, although 
these values can be considered within the normal range for this fish species and 
size.
3.3.2 EXPERIMENT II (Tuveniles)
3.3.2.1 Growth
The growth response o f S.aurata juveniles over the experimental period 
at different protein levels is shown in Figure 12. The best growth response in
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terms of final body weight was obtained with diet 3 (41.0% protein), with a 
drecreasing trend between this protein level and the other diets following in the 
order: 5 (50.9% protein) > 6 (56.1% protein) > 7 (62.2% protein) > 4 (45.3% 
protein) > 1 (32.4% protein) > 2 (36.8% protein), diets 3, 5 and 2 being 
significanUy different (p < 0.05) (Table 13).
A  similar response was also observed on the basis of specific growth rate 
and percentage weight gain, the maximum value always being found for diet 
3 (Table 13).
Figures 13 and 14 show specific growth rate and protein gain per 
individual fish over the experimental period. With the exception of diet 4 (45.3% 
protein), there seems to be a rapid increase of both parameters with dietary 
protein levels up to diet 3 (41.0% protein), beyond which there is a trend 
towards decrease.
The data on percentage weight gain and mg protein gained per fish over 
the experimental period were re*plotted in Figure 15. The data were then 
analysed using the "broken-line" technique described by Zeitoun et al. (1976), 
suggesting a protein requirement of 41.8% as an average.
The same data on percentage weight gain and mg protein gained per fish 
were analysed using the polynomial regression analysis described in experiment
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Tabl* 13
“ '■“ •• co-po.1t1on of S j u a l f i
HEAN VALUE RESULTS
(Std . orror In paronthosla)
DIET NUNBER
PROTEIN IN FOOD (X)
1
32.4
2
36.8
3
41.0
4
45.3
5
50.9
6
56.1
7
62.2
IN ITIAL BODY U T .(g )  
(2 .33)
59.6 59.6 59.6 59.6 59.6 59.6 59.6
FINAL BODY U T .(g ) 8 7 .0 9 ^
(2 .60)
86.92*
(1.65)
100.02'
(2.46)
90.92***
(1 .4 7 )
98.08**
(3.15)
97.68***
(1.16)
97.02***
(3.69)
UEI6HT GAIN (X ) 4 6 .1 7 *
(4 .37)
45.88*
(2.78)
67.87®
(4.14)
52.61***
(2 .4 6 )
64.01**
(5.28)
63.94***
(1.95)
62.84***
(6.19)
SPECIFIC GROUTN RATE (X/day) 0.47*
(0 .0 4 )
0.47*
(0.03)
0.63*
(0.03)
0.53*
(0 .0 2 )
0.62*
(0.04)
0.62*
(0.02)
0.61*
(0.05)
FOOD FED (g/day) 0.96*
(0 .0 9 )
1.00*
(0.09)
1.16*
(0.11)
1.00*
(0 .0 9 )
1.07*
(0.08)
1.11*
(0.08)
1.08*
(0.11)
HEIGHT GAIN (g/day) 0.36*
(0 .1 1 )
0.34*
(0.08)
0.52*
(0.09)
0.38*
(0 .0 7 )
0.49*
(0.09)
0.47*
(0.08)
0.47*
(0.09)
FOOD CONVERSION 
EFFICIENCY
0.37*
(0 .0 1 )
0.34*
(0.02)
0.45**
(0.01)
0.38*
(0 .001)
0.46*»
(0 .02)
0.42**
(0.01)
0.43**
(0.02)
PROTEIN EFFICIENCY RATIO 1.12*
(0 .0 3 )
0.92***
(0.09)
0.91***
(0.05)
0.84**»'
(0 .1 0 )
0.90***
(0.11)
0 .7 5 '
(0 .07)
0.70'
(0.03)
NITROGEN INTAKE (ag/day) 51.20"
(2 .1 7 )
59.20**
(3.62)
75.84'
(1.93)
7 2 .6 4 '
(2 .6 1 )
87.36** 
(3.33)
100.00*
(2.31)
107.04*
(1.73)
CARCASS N. DEPOSITION (ag/day) 9.60 9.55 13.78 11.78 14.48 14.81 12.76
APPARENT N. UTILIZATION (X) 18.75 16.13 18.17 16.22 16.57 14.81 11.92
CARCASS CONPOSITION (X UET WT.BASIS)
INITIAL
NOISTURE 67.20 66.92* 67.03* 66.75* 67.17* 67.60*** 67.88*** 69.24*»
CRUDE PROTEIN 17.02 17.16" 17.16* 17.52**» 17.63*** 17.72**» 17.96** 17.03*
LIPID 10.52 10.23* 10.32* 10.08* 9.91* 10.52* 9.73* 9.21*
ash 5.26 5.69" 5.49* 5.65* 5.29*** 4.16*» 4.43*» 4.52*»
NORTALITY (X) 6.67 6.67 13.33 8.89 8.89 28.89 13.33
Not«. VoluM In to  «OM  roM with m o o  ouporocrit o r«  not a lg n lfle a n tly  difforont (p  < 0.05)
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Figu r«  16. Brokan lln« a n « ly « l «  In th «  Juvanlla« «xp arlm a nt.
I, suggesting a protein requirement of 56.1% (% weight gain curve) and 50.9% 
(protein gained per fish curveKFigure 16).
3.3.2.2 Food Conversion Efficiency
The best food conversion efficiency was observed with the fish fed diet 
5 (50.9% protein), but with no significant difference (p < 0.05) from high protein 
diets 3, 6 and 7 (with the exception of diet 4). Lower protein diets (1 and 2) 
showed the poorest FCE, being significantly lower than those of high protein 
diets (Table 13).
3.3.2.3 Protein Efficiency Ratio
Protein efficiency ratio (PER) showed a trend towards reduction with 
increasing dietary protein. The highest PER was found for diet 1 (32.4% protein), 
the lowest value corresponding to diet 7 (62.2% protein), showing no significant 
difference with diet 6 (56.1% protein) (Table 13, Figure 17).
3.3.2.4 Apparent Net Nitrogen Utilization
The values of apparent net nitrogen utilization (APNU), as well as PER, 
showed a trend towards decrease as dietary protein increased, the lowest value
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Figu r«  17. Protein offloioncy ratio 
(P E R )  and apparant not nitrogan utili ­
zation (A P N U ) of S.aurata Juvanilaa
being found in diet 7 with a dietary protein level of 62.2%, while the highest 
was in diet 1 (32.4% protein) (Table 13, Figure 17).
3.3.2.S Carcass Composition
The proximate composition of the whole fish carcass at the start and at 
the end of the experiment is shown in Table 13. In general, the body 
composition was not greatly affected by the different treatments. The fish fed 
the higher protein levels tended to have lower lipid contents, higher moisture 
and protein than the lower protein levels.
The proximate composition of fish livers at the end of the experiment is 
shown in Table 14. In general, the fish fed the higher protein levels tend to have 
higher liver moisture and protein content, and lower carbohydrate content. Liver 
lipid content increased as dietary protein increased, but showed a decreasing 
trend beyond diet 4 (45.3% protein). Liver ash content decreased as dietary 
protein increased, but also increased beyond diet 4. There was a trend toward 
lower hepatosomatic indexes (HSI) with the increment of protein in diets (Table 
14).
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3.3.2.6 Mortality
Mortalities varied from 6.7% to 28.9%, being much lower than in 
experiment I. These values can be considered as normal for this species and fish 
size (Table 13).
3.4 DISCUSSION
When comparing figures 6 and 12 the minimum dietary protein 
supporting best growth of S. aurata in the present work seems to be influenced 
by the size of the fish, thus with fry the best growth was obtained with 56% 
dietary protein, while with juveniles the best growth was obtained with 41% 
dietary protein. These results agree with the well documented fact that smaller 
fish require higher levels of protein for maximal growth than larger fish. This 
effect is principally associated with a large decrease in whole body protein 
synthesis throughout development in fish, leading to a decrease in growth rate 
in older fish (Bilio et al, 1979; NRC, 1983; Fauconneau, 1985; N ew , 1986; 
Steffens, 1989; Tacón, 1990).
The dose-response analysis of the data using the "broken-line" technique 
showed that the requirement of fry is 49.7% protein when the weight gain is 
used and 49.6% protein when the protein gain is plotted (Fig. 9). The same 
analysis applied to the data for juveniles gives values at 41.0% and 42.5% 
respectively (Fig. 15).
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When the dose-response analysis was performed using the polynomial 
regression technique, the requirement of fry is 55.0% protein for weight gain and 
55.0% protein for protein gain (Fig. 10). The same analysis on the data for 
juveniles gives values at 56.1% and 50.9% respectively (Fig. 16).
Thus, the protein requirement level obtained from the broken line 
technique appears significantly lower than that obtained from the polynomial 
regression analysis in both fish sizes and for percentage weight gain and protein 
gain.
Zeitoun et al. (1976) suggest that the polynomial regression analysis is the 
most accurate of these approaches, as it provides a better empirical fit to the 
growth responses of living organisms which do not exhibit an abrupt change 
from linearity as postulated in the broken-line analysis.
The same authors, however, state that by plotting confidence limits of 
95% of all estimated responses of the curve, and by drawing a straight line 
parallel to the abscissa and passing through the maximum level of the lower line 
of the confidence limit, the intersections of this line with the left side of the 
polynomial curve and the upper line of the confidence limit will give dietary 
protein concentrations similar to those obtained from the broken line technique, 
which will still support adequate growth responses and minimize diet costs. In 
this way, the authors seem to minimize differences between the two techniques, 
concluding that both may lead to similar conclusions concerning dietary protein 
requirements.
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However, a similar statistical approach could also be adapted to the 
broken line technique, and by plotting confidence limits of 95% of all estimated 
responses in the linear regression, lower dietary protein concentrations could 
also be obtained as optimum, which will maintain the difference from values 
obtained from the polynomial regression technique.
Thus, based on the above arguments, the dietary protein requirements 
obtained from the polynomial regression analysis could be considered as more 
biologically accurate. However, growth responses o f S.auratn in this work seem 
to show a different fit to both analysis techniques in each of the two 
experiments.
In the experiment with fry, neither weight gain nor protein gain reached 
a plateau as dietary protein increased, providing a poor statistical basis for the 
use of the broken-line technique. In this case, the polynomial regression analysis 
seems to fit better to the fish responses, giving an optimum dietary protein level 
o f 55%.
On the contrary, in the second experiment (juveniles), both weight and 
protein gains reached a plateau as dietary protein increased. In this case, the 
broken-line technique clearly provides a better empirical fit to the fish growth 
responses, giving an optimum dietary protein level of 42%.
However, neither of these clasical approaches was a particularly good fit
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to the data generated. In fact the true situation appears to be more complex than 
either model suggests. Thus, in the experiment with fry, at least three different 
patterns appear both in weight gain and protein gain responses. A  moderate 
increase from diets 1 to 3 is followed by a dramatic rise in diets 4 and 5, and 
finally diets 6 and 7 cause a marked decrease. In juveniles, an increase in dietary 
protein level in diets 1 and 2 provokes a moderate fall in the above responses, 
followed by a dramatic increase in diet 3 and reaching a plateau with the higher 
protein diets.
A  possible biological reason for this could be the dual role of protein as 
"energy-yielding" and "tissue-yielding" nutrient, and the inter-relations with 
other dietary energy sources.
Both specific growth rate and food conversion efficiency increased for both 
fish sizes up to the apparent optimum protein requirement level and this was 
followed by a clear decrease when the protein was increased above that point. 
A  similar response has been observed for S. aurata (Sabaut and Luquet, 1973), 
Pleuronectes platessa (Cowey et al, 1972), Mugil capita (Papaparaskeva and Alexis, 
1986), Oncorhynchus mikiss (Satia, 1974), Channa micropeltes (Wee and Tacón, 
1982), Morarte saxatilis (Millikin, 1982), Micropterus dolomieu and M, salmoides 
(Anderson et al., 1981), Epinephelus salmoides (Teng et al., 1978), Oreochromis 
mossambicus (Jauncey, 1982), and Megalobrama amblycephala (Shi et al., 1988). This 
effect has been interpreted as due to diversion of energy required for growth 
toward deamination of excessive absorbed amino acids (Jauncey, 1982; Cho et
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al., 1985).
The protein efficiency ratio (PER) in S.aurata fry increased as dietary 
protein rose up to the apparent optimum level (55%), then clearly dropped. 
Similar responses were reported for Pleuronectes platessn (Cowey et al., 1972), 
Epinephelus salmoides (Teng et al., 1978), and Channa micropeltes (Wee and Tacon, 
1982). Apparent net nitrogen utilization (APNU ) reached its optimum at 55.5% 
protein and then decreased also in fry. A  similar decrease beyond optimum 
level is been reported for Cyprinus carpio (Ogino and Saito, 1970), Fugus rubripes 
(Kanazawa et al., 1980), Micropterus dolomieu and Msalmoides (Anderson et al., 
1981), CtetiopharyugodoH ideila (Dabrowsky, 1977). Thus, low protein utilization 
was taking place at the lowest dietary protein levels; as the protein level 
increased, utilization increased and reached a maximum near the minimum 
requirement. As protein levels passed beyond the minimum requirement, 
utilization decreased.
Both PER and APNU  in S. aurata juveniles showed a clear reduction as 
the dietary protein level increased. Similar observations were described in 
Anguilla anguilla (Higuera et al., 1989), S. aurata (Sabaut and Luquet, 1973), 
Oncorhynchus mykiss (Satia, 1974), Anguilla japonica (Nose and Arai, 1972) and 
Oreochromis mossambicus (Jauncey, 1982).
The liver composition of S. aurata juveniles at the end of the experiment 
showed that a higher moisture and protein content, and a lower carbohydrate
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and ash content, were apparent as dietary protein level increased, suggesting 
increased protein synthesis as similarly reported for Mugil capita (Papaparaskeva 
and Alexis, 1986). A  certain increase in liver lipid level was also showed for the 
higher protein diets, as also reported for Marañe saxatilis (Millikin, 1982).
The hepatosomatic index (HSI) of juveniles showed a trend towards 
decrease as dietary protein increased and similar to changes in liver 
carbohydrate content, probably related to higher carbohydrate content in low 
protein diets, leading to liver glycogen accumulation. Similar effects have also 
been reported for Anguilla japanica (Nose and Aral, 1972), Pleuranectes platessa 
(Cowey etal., 1975), Marañe saxatilis (Millikin, 1982), Channa micrapeltes (Wee and 
Tacón, 1982) and Dicentrarchus lahrax (Metailler et al., 1981).
The mortality of the fish during both trials was not affected by protein 
level in the diets.
These results, together with the dose-response analysis, indicate that the 
optimum protein levels in the diet for S.aurata fry and juveniles for maximum 
protein retention and optimum growth are around 55% and 42%, respectively, 
and are in the same range as other marine carnivorous fish species such as 
Pleuronectes platessa (50%), Chrysaphiys majar (54%), Seriala quinqueradiata (55%), 
Epinephelus salmoides (40-50%) and Fugus rubripes (50%) shown in Table 2.
The optimum dietary protein level for fry (55%) is significantly higher
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than 40% protein found optimum for 3g S.aurata fingerlings by Sabaut and 
Luquet (1973), who used casein supplemented with a mixture of synthetic amino 
acids as dietary protein source. This fact, as explained in the introduction 
(Section 3.1) could have depressed growth and feed efficiency in fish. The use 
by these authors of non-isoenergetic diets and "ad libitum" feeding regimes 
could have favoured the use of protein in higher protein diets for energy 
purposes in a higher proportion than in lower protein diets (Higuera, 1987).
These experimental differences, together with different environmental 
conditions may, at least partially, explain different results obtained.
Comparisons between experiments on nutrient requirements are 
sometimes impossible due to the great variation of techniques and protocols 
utilized by different authors. In these experiments, although calculated gross 
and metabolizable energy content indicate that in both experiments diets were 
isoenergetic, the use of empirical values may have lead to diminished accuracy, 
and the fixed feeding regime, although not restrictive, may have favoured the 
growth of those fish fed the higher protein diets.
These results, as well as the lack of apparent strong differences between 
the protein requirements of vegetarian, carnivorous and ichthyophagous fish, 
quite often argued (Martinez-Palacios, 1987; Cowey, 1975), underlines the need 
for more research, as well as standardization of experimental methods in order 
to obtain comparable results (Gropp and Tiews, 1981).
89

4.1 INTRODUCTION
Among those factors influencing quantitative dietary protein requirements 
for a particular fish species is the amount of non-protein energy in the diet, as 
some of the dietary protein may be utilized as an energy source (Cho et al., 
1985).
Ideally, the energy derived from protein catabolism should be provided 
from other nutrients (i.e., lipids, carbohydrates) in order to maximise the level 
of protein used for anabolic processes (Cowey, 1979; Steffens, 1989).
Dietary lipids serve both as sources of essential fatty acids (EFAs) and 
energy. In addition, they also act as carriers of fat-soluble vitamins (New, 1986). 
Lipids play an important role as energy sources in fish diets, especially for 
carnivorous fish in which the availability of dietary carbohydrates for energy is 
limited. Poor carbohydrate digestibility in these fish species is due to a limited 
amylolytic activity in their digestive tract (Spanhof and Plantikow, 1983); other 
metabolic constraints seem to be a limited regulation of blood glucose levels 
(Bergot, 1971; Palmer and Ryman, 1972), and a scarce use of liver glycogen 
reserves (Chang and Idler, 1960; Dave et al., 1975). Thus, main sources of energy 
in fish appear to be protein and lipids, carbohydrates being considered as 
uncertain and limited (Walton, 1987). The protein requirements of fish may be 
reduced by increasing the level of dietary, non-protein, nutrients by virtue of 
their "energy-yielding" properties ("Protein sparing effect") (Jauncey and Ross,
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1982). The dynamics of fat and protein accumulation and utilization in fish are, 
however, difficult to interpret, mainly because these relationships are largely 
influenced by a number of factors, such as age of fish, migratory behaviour, 
gonad maturation, feeding ratio, etc. (Weatherley, 1976)
It is broadly agreed that addition of fats in fish diets contributes to the 
protein-sparing effect by increasing the digestible energy o f the diets. However, 
food intake is controlled by the dietary energy level, and if the diet contains an 
excess of non-protein energy, appetite or demand may be satisfied before a 
sufficient quantity of protein (and possibly other nutrients) is ingested to satisfy 
demand for maximal rates of protein synthesis and growth (Bromley, 1980; 
Metailler et al, 1981; Alsted and Jokumsen, 1989). At the same time an elevated 
dietary fat content frequently stimulates a high fat carcass deposition, which 
may not always be desirable. On the other hand, if the diet is deficient in non- 
protein energy, protein will be used for energetic purposes (basal metabolism 
and voluntary activity) rather than for protein synthesis (Cowey et al., 1975; 
Alliot et al., 1979; Cho, 1987).
Thus, the design of formulated diets is a compromise between a protein 
content that will allow good growth with least possible conversion to energy 
and an energy content leading to high rates of protein synthesis but not such as 
to produce excessive body lipid deposition (Weatherley and Gill, 1987).
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One of the most important factors affecting the optimum protein and 
lipid level in a fish diet is probably temperature (New, 1986). Cho et a/.(1985) 
suggest that dietary protein:energy ratio should be altered to meet changes in 
environmental temperatures, particularly as fish appear to be well adapted to 
deal with temperature changes within their thermal tolerance limits.
Marais and Kissil (1979) reported that low energy diets containing 43% 
protein and 9% lipid (P:E ratio: 22 mg/KJ), supported better growth 
performance of 44g S.auratn juveniles than high energy diets (43% protein and 
16% lipid; P:E ratio: 20 mg/KJ). Experimental diets contained a mixture of fish 
meal (22%), meat meal (15%) and soya meal (63%) as protein source, and soya 
oil as main source of dietary lipids.
Kissil and Groop (1984) found that the best P:E ratio for 45g S. aurata 
juveniles was 25 mg/KJ (40/5 = %prot/%lip), and 23 mg/kj (44/10 = 
%prot/%lip) for 3g fingerlings, the diets containing a mixture of fish meal, meat 
and poultry meal, soy bean meal, feather meal, fish concentrate protein and soy 
bean protein as protein source, and capelin fish oil as the main source of non­
protein energy.
On the other hand, Pereira et fl/.(1987) reported that high protein, high 
energy diets (51/14 = %prot/%lip) supported better growth performance in l-6g 
S.aurata when diets with a range of 46 to 51% dietary protein and a fixed 14% 
lipid content were tested. Fish meal and cod liver oil were the main sources of 
dietary protein and lipid, respectively.
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Takeuchi et ii/.(1991) found that the optimum combination o f dietary 
protein and lipid for 2-7g red sea bream was 52% and 15%, respectively, when 
white fish meal plus casein and pollack liver oil were used as sources o f dietary 
protein and lipid, respectively. Dietary protein ranged from 38 to 55%, and 
dietary lipid from 5 to 21%.
The aim of the present study was to determine the optimum protein to 
energy ratio for S.aurata fingerlings and growers for the particular 
environmental conditions of the Canary Islands, especially with regard to 
temperature. Sardine meal was used as the dietary protein source and sardine 
oil as the main non-protein source of dietary energy.
4.2 MATERIALS AND  METHODS
For these two trials. III and IV, sea bream fingerlings and growers of 
mean body weights 5.3g and 89.8g were employed, respectively. Experimental 
fish were stocked at 20 fingerlings per tank and 30 growers per tank, three tanks 
per treatment.
Prior to starting the experiments, both fingerlings and growers were 
acclimated for one week, feeding them with diets containing 51.8/12.1 and 
52.6/6.4 (%prot/%lip) at rates of 3% and 2% of body weight per day, 
respectively. At the start of the experiments 10 fingerlings and 10 growers were
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killed by an overdose of benzocaine and stored at -20°C for subsequent chemical 
analysis.
Tank system I (Section 2.2.1) was utilized for the fingerlings trial, and 
tank system II (Section 2.2.2) for the growers experiment. Table 15 shows the 
mean values obtained for the environmental parameters, as detailed in Section 
2.3), recorded during the two experiments. All values were within the optimum 
ranges for this species (Section 1.6).
Eight experimental diets fed to gilthead sea bream fingerlings were 
prepared with varying amounts of the same ingredients in such a way that four 
dietary protein levels, 40%, 45%, 50% and 60%, were combined with two dietary 
lipid levels, 9% and 15%. In the second experiment, two dietary protein levels 
(45% and 53%) were combined with two dietary lipid levels (7% and 12%) to 
produce four experimental diets.
Dietary protein in all experimental diets was derived from sardine meal, 
which also provided some lipid. Protein content was decreased by replacing fish 
meal with dextrin and corn starch in a proportion of 1:3 in the fingerlings trial. 
Wheat bran was used in the experiment with growers to replace dietary protein, 
as agreed with the fish meal producers (AGRAM AR, A/S), who funded this 
experiment, a-cellulose was used as filler and carboxy-methyl cellulose as binder 
in both experiments.
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In both trials, the experimental diets were designed to obtain 
approximately isoenergetic diets for each protein level in order to study the 
different combinations of both protein and lipid levels in the diets. Different P;E 
ratios were achieved in both experiments by using different protein levels.
The diameters of dry pellets were 1mm and 3mm for fingerlings and 
growers, respectively (Length:diameter ratio: 2:1). Tables 16 and 17 show the 
composition of the experimental diets used with fingerlings and growers, 
respectively.
The feeding regimes used throughout the trials were 3% and 2% body 
weight per day, respectively. The frequency of feeding was maintained at 5 
times a day, 6 days a week, and twice on Sundays. The trials were conducted 
for 57 days with fingerlings and 84 days with growers.
At the start o f the experiments and at subsequent fortnightly intervals, 
fish were individually weighed to the nearest one decimal place (O.lg) on a 
Mettler top-pan balance (Model PE-3000). Bulk weighings were practically 
impossible to perform with these fish sizes but would have otherwise been 
preferable due to less stressful handling and anaesthetizing.
At the end o f the experiments, fish were killed by an overdose of 
benzocaine, then individually weighed, and half the population in every tank
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Tabla 16
Coapoaltion of tha axparlaantal diata usad in  tha axpariaant with saa braaa fin ga rlin gs. 
Proxiaata analysis on a aoistura fraa basis, with tha calculatad anargy and protain:anargy ra tio .
INGREDIENTS (X) DIET NUHBER
1 2 3 4 5 6 7 8
Sardina a o a l(l) 58.00 58.00 66.20 66.20 74.40 74.40 82.50 82.50
Corn daxtrin 8.30 5.14 6.59 3.43 4.87 1.71 3.16 0.00
Corn starch 24.91 15.44 19.76 10.29 14.62 5.15 9.47 0.00
Sardina o i 1 2.63 8.63 1./3 7.73 0.82 6.82 0.00 6.00
a-Callulosa 1.66 8.29 1.22 7.85 0.79 7.42 0.37 7.00
C.N .Callulosa(2) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Vitaain praaix(3) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ninaral praoix(3) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
NUTRIENT CONTENT (X )
Cruda protain 40.84 44.46 47.82 46.50 53.09 51.81 59.01 58.17
Ethar axtrsct 8.86 14.87 8.83 14.84 8.81 14.87 8.90 14.89
Ash 13.02 12.96 13.86 13.29 15.12 14.96 16.46 16.28
Fibra 1.22 6.34 1.00 6.73 1.16 7.14 0.20 6.42
NFE (4 ) 37.28 27.71 29.49 25.37 22.98 18.36 15.63 10.66
GE (NJ/KgXS) 19.55 21.13 19.84 21.20 19.96 21.26 20.13 21.44
HE (HJ/Kg)(6) 16.31 17.73 16.47 17.77 16.51 17.75 16.58 17.83
P:E ra tio  (7 ) 20.89 21.04 24.10 21.93 26.60 24.37 29.31 27.13
(1 ) Proxiaata analysis (X dry w t . ) :  Cruda protain: 69.6, Ethar a x tra ct: 11.6, Aah: 18.2.
(2 ) Carboxy aathyl callulosa (Sodiua s a it)
(3 ) Tabla 7 , taction 2 .4 .
(4 ) NPE “  Nitrogan fraa axtractivas, calculatad as 100 - ( Z  p ro t. ♦ X lip . *  X aah).
(5 ) SE ■ Sross anargy contant.
(6 ) NE ■ N o ta b iliM b la  anargy contant.
(7 )  P:E ■ Protain to anargy ra tio  in  g protain/NJ of SE.
Table 17
Coaposition of tha expariaantal d ia ls  usad In  tha axpariaant with sea braaa growars.
Proxiaata analysis on a aoistura fraa basis, with tha calculatad anargy and protain:anargy ratio .
INGREDIENTS (X) DIET NUMBER
1 2 3 4
Sardine aaal (1 ) 51.02 51.02 68.03 68.03
Wheat bran (2 ) 45.08 40.08 29.07 24.07
Sardine o i l 1.00 6.00 0.00 5.00
C.H .Cellulose (3 ) 0.50 0.50 0.50 0.50
V itaain praaix (4 ) 2.00 2.00 2.00 2.00
Ninaral praoix (4 ) 0.40 0.40 0.40 0.40
NUTRIENT CONTENT (X)
Crude protein 46.1 44.4 52.6 54.2
Ethar extract 7.9 11.7 6.4 11.3
Ash 11.9 11.9 13.4 15.3
Fibre 4.6 5.6 3.6 2.7
NFE (S> 37.0 31.9 27.7 19.1
6E (N J/K g)(6) 19.65 20.61 19.68 20.55
HE (N J/K g}(7) 16.35 17.23 16.22 17.05
P:E ra t io  (8 ) 21.95 21.53 26.72 26.38
(1 ) ProxiM ta analysis (X dry w t . ) :  Cruda protain: 62.4, Ethar extract: 8.34, Fibre: 9.94,
Aah: 17.37.
(2 ) Proxiaata analyais (X dry w t.> : Crude protein: 16.9, Ethar extract: 4 .0 , F ibre : 16.3,
Aah: S.S.
(3 ) Carboxy aathyl calluloaa (io d iu a  a a lt ) .
(4 ) Table 8, Section 2.4 .
(5 ) NFE B Nitrogan fraa axtractivaa, calculatad as 100 -  (X p ro t. *  X l ip . *  X aah).
(6 ) OE ■ Sroas anargy content.
(7 ) HE ■ Hatabolixabla anargy contant.
(8 ) P:E ■ Protain to anargy ra tio  In  g protain/NJ of b e .
was eviscerated and the liver weights recorded against their respective whole 
carcass weights. Both whole and eviscerated carcass plus livers were then dried 
to obtain total moisture and later they were finely ground for chemical analysis.
Fish mortality was recorded daily and the weights of dead fish were 
discounted from the total in order to adjust the daily amount of food offered.
4.3 RESULTS
4.3.1 EXPERIMENT III (Fingerlings)
4.3.1.1 Growth
The growth response of S. aurata fingerlings over the experimental period 
under different protein to energy ratios is shown in Figure 18. The best response 
in terms of final body weight was obtained with diet 6 (51.8/14.9 = 
%prot/%lip), although no significant difference (p < 0.05) was found between 
this prot/lip level and diets 4, 7 and 8 (46.5/14.8, 59.0/8.9 and 58.2/14.9 = 
%prot/%lip, respectively).
Diet 1 gave the poorest results, being statistically different (p < 0.05) from 
all other diets (Table 18).
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Weight (g)
Time (days)
FIgur* 18. Growth rospons* of 8 .aurata 
fingarlinga at diffarant d ie ta ry  protain 
and lipid lavala.
Table 18
Naan growth parforaanr•> fead u tiliz a tio n  afficlency and carcaas coaooaltlon of S.aurata 
flngarllngs tad tha exparlaantal d ie ts.
MEAN VALUE RESULTS
(Std. e rro r In parenthesis)
DIET NUHBER
« )  “I 2 3 4 5 6 7 8
(Prot/L1p)(40.8/8.9) (44.5/14.9) (47.8/8.8) (46.5/14.8) (53.1/8.8) (51.8/14.9) (59.0/8.9) (58.2/14.9)
INITIAL BODY UT(g) 5 .6  
(0 .5 )
5.6 5.6 5.6 5.6 5.6 5.6 5.6
FINAL BODY UT. (g ) 24.0* 
(0 .7 )
27.7*'
(0 .9 )
26.8**»'
(0 .7 )
2 9 .2 '
(0 .8 )
26.3**»'
(0 .8 )
2 9 .8 '
(0 .9 )
2 8 .8 '
(0 .9 )
2 8 .7 '
(0 .9 )
WEIGHT GAIN (X) 330.9*
(1 2 .9 )
397.8*'
(16 .2 )
389.5**»
(11.9)
425.0'
(1 4 .1 )
372.9**»'
(1 5 .1 )
435.8'
(16 .2 )
417.9'
(17.1)
414.7*
(15.9 )
SGR (X/day)(1) 2.5*
(0 .0 5 )
2.8**»
(0 .06)
2.8**»
(0 .05)
2.9*»
(0 .04)
2.7**»
(0 .05)
2.9*»
(0 .05)
2.8*»
(0 .06)
2.8*»
(0 .06)
FOOD FED (g/day) 0.52*
(0 .0 5 )
0.56*
(0.05)
0.54*
(0.04)
0.57*
(0 .05)
0.52*
(0 .04)
0.62*
(0.06)
0.57*
(0.05)
0.59*
(0 .05)
WEIGHT GAIN(g/day) 0.37* 
(0 .0 2 )
0.43*
(0 .03)
0.40*
(0.03)
0.45*
(0 .0 3 )
0.42*
(0 .0 3 )
0.46*
(0 .04)
0.46*
(0.02)
0.46*
(0.04)
FCE (2 ) 0.71*
(0 .0 3 )
0.77*
(0.05)
0.75*
(0 .03)
0.79*
(0 .0 6 )
0.81*
(0 .0 2 )
0.74*
(0.05)
0.81*
(0.03)
0.78*
(0 .04)
PER (3 ) 2.06*
(0 .1 9 )
2.35*
(0 .34)
1.96*
(0 .26)
2.21*
(0 .2 8 )
1.91*
(0 .2 4 )
1.85*
(0 .27)
1.85*
(0.27)
1.66*
(0 .1 8 )
APNU (X ) (4 ) 28.11* 26.79**» 24.53' 28.30* 26.29*» 23.62' 23.55' 21.20^
APLU (Z )(5 ) 76.61** 57.47*» 72.65' 62.59*»' 82.74* 52.03* 73.16' 56.06*»
CARCASS CONPOSITION (X WET WT.BASIS)
INITIAL
NOISTURE 73.9 68.90* 69.06* 69.07* 67.89* 69.62* 68.56* 70.19* 68.20*
PROTEIN 15.73 16.75* 15.92*» 17.07* 16.55**» 16.98* 17.10* 17.07* 16.99*
LIPID 5.68 9.64** 10.93' 9.21**» 11.30' 9.42**» 10.14*»* 8.46* 10.85'
ASH 4.69 4.71 4.09 4.65 4.26 3.98 4.20 4.28 3.96
NORTALITY (X ) 10.33 6.67 6.67 1.67 11.67 5.00 6.67 1.67
(l)SOR -  Specific growth rata, (2)FCE ■ Food conversion afficlancy, (3)FER ■ Protein efficiency 
ratio , (4)APNU ■ Apparent nitrogen u tilisa tio n , (5)APLU > Apparent lip id  u tilisation.
row with saoe suparacrlpt are not significantly different (p < 0.05).Note. Values In the
These results suggest that, for a given protein level, fish grew better when 
dietary lipid level was increased from 8.9% to 14.9%, with the exception of diets 
containing 58-59% dietary protein, where growth values did not differ 
significantly (p < 0.05) as dietary lipid increased. Figure 19 shows the growth 
response of fish when high energy diets are compared to low energy ones.
The increase of dietary protein level also enhanced fish growth up to diet 
6 (51.8% protein), beyond which growth response was depressed (Figure 19).
A  similar response was also observed on the basis of percentage weight 
gain and specific growth rate, the maximum value always being found for diet 
6. This, again, was not significantly different (p < 0.05) from diets 4, 7 and 8 
(Table 18, Figure 20).
4.3.1.2 Food Conversion Efficiency
There was a trend towards an increase in food conversion efficiency as 
dietary lipid increased for diets containing protein up to 47% (Diets 3 and 4). 
Beyond this level, FCE decreased as dietary lipid increased. In all cases, values 
did not show a significant difference (p < 0.05) between them (Table 18, Figure 
20).
97
P:E ra t io  (gr p ro t/M J o l GE)
Pl0ur* 19. Avarag*  l inai  body wolght oi 
S.aurata M n o « r l ln g i  against d l l l * r «n t  
tr*atm«nti .

S p «c itle  g re w tb  rat* (% / d a r )
Food co o vd riio D  • it ie i«B c r
20 21 22 23 24 26 26 27 26 29 30
P :l  ratio  (a  p re t/ M J ot 6 1 )
23 24 25 26 27
r i  ratio (g  prot/MJ of 61)
4.3.1.3 Protein Efficiency Ratio
Protein efficiency ratio (PER) was reduceci with increasing dietary protein, 
and for a given dietary protein level, PER showed an increase with increased 
dietary lipid in diets 1 to 4. On the contrary, in diets 5 to 8 an increase of lipids 
in the diets produced a decrease in PER values. However, all values were not 
significantly different (p < 0.05) (Table 18, Figure 20).
4.3.1.4 Apparent Net Nitrogen Utilization
The values of apparent net nitrogen utilization (APNU ) obtained show 
that, as well as PER, there is a reduction in APNU with the increment of protein 
in the diets. In this case, and for a given dietary protein level, APN U  
significantly (p < 0.05) decreased with increased dietary lipids, except for diets 
3 and 4 (47% protein), where an increase of lipids in the diets produced a 
significant (p < 0.05) increment in APNU, this value in diet 4 being the greatest 
o f all diets (Table 18, Figure 21).
4.3.1.5 Apparent Net Lipid Utilization
The values of apparent net lipid utilization (APLU) obtained showed that 
there was no apparent trend in APLU values in relation to dietary protein
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P:E ratio (g prot/M J of Q E)
App.Lipid Ullliiatlon (% )
PiC ratio (g prot/M J ol O E)
content, but for a given dietary protein level, there was a strong reduction in 
APLU with the increment of lipids in the diets, these values for each protein 
level being significantly different (p  < 0.05) (Table 18, Figure 21).
4.3.1.6 Carcass Composition
The proximate composition of the whole fish carcass at the start and at 
the end of the experiment is shown in Table 18. In general, the fish fed the 
lowest lipid levels for a given protein content tended to have higher moisture, 
protein and ash contents, but significantly (p < 0.05) lower lipid contents (Table 
18, Figure 22).
When lipid contents of eviscerated and non-eviscerated fish were 
compared within each diet, whole fish carcass always had a higher lipid content 
than that of eviscerated fish carcass, suggesting that S.nuratn fingerlings 
normally store excess or reserve fat in the visceral cavity. When these values 
were compared within each protein level, both eviscerated and non-eviscerated 
carcass showed an increment in lipid content as dietary lipid increased for all 
protein levels assayed, suggesting that increased carcass lipid deposition was 
taking place as dietary lipid increased, and that fat is also stored in non-visceral 
tissues.
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This increase in carcass lipid deposition was higher in viscera than in 
non-visceral tissues for all protein levels, except in diets containing 52% protein 
(Table 19).
The proximate composition of fish livers at the end of the experiment is 
shown in Table 20. In general, fish fed the higher lipid diets showed an 
increased moisture content, and a decrease in liver protein and lipid. Livers 
were bigger in fish fed the low lipid diets, except in treatments with 59% protein 
(Table 20, Figure 23).
When HSI values were related to dietary nutrient levels, a highly positive 
correlation (Coeff.: 0.83) was found between HSI and carbohydrate levels in 
diets (the higher dietary carbohydrate, the higher HSI values) (P < 0.05).
4.3.1.7 Mortality
Mortality varied from 1.67 to 11.67%. These values can be considered as 
normal for this species and fish size (Table 18).
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Figur* 23. H*pato*omatic indica* (H 8 I)  
of s . a u r a f  fingarünga at th* and of 
diffarant traatmanta.
4.3.2 EXPERIMENT IV (Growers)
4.3.2.1 Growth
The growth response of S. aurata growers over the experimental period 
under different protein to energy ratios is shown in Figure 24.
The best growth response in terms of final body weight was obtained 
with diet 4 (54.2/11.3 = %prot/%lip), with the other diets following in the order:
3 > 2 > 1. N o significant difference (p < 0.05) was found between diets 2 and 3 
(Table 21).
These results suggest that, for a given protein level, fish grew 
significantly better when dietary lipid level was increased from 7% to 12%. The 
increase of dietary protein level from 45% to 53% also produced an increment 
in the growth response (Figure 25).
A  similar response was also observed on the basis of percentage weight 
gain and specific growth rate, the maximum value always being found for diet 
4 (Table 21, Figure 26).
4.3.2.2 Food Conversion Efficiency
As both dietary protein and lipid levels increased, food conversion 
efflciency increased. The value for diet 1 (46.1/7.9 “  %prot/%lip) was the lowest
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Figur« 24. Qrowth raspón«* of «.surata 
growars ovar tha «xparim antal pariod 
undar diffarant protain and llpid lavals

Figur* 25. Av*rag*  l ina i  body w * lgh t  ol 
S.aurala grow*rt a g a ln i l  d l l l * r *n l  
tr*atm*nli .
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and significantly (p  < 0.05) different from the other diets, except for diet 2 
(44.4/11.7 = %prot/%lip) (Table 21, Figure 26).
4.3.2.S Protein Efficiency Ratio
Protein efficiency ratio (PER) showed an increment with increasing 
dietary protein, and for a given dietary protein level, PER also increased with 
increased dietary lipid. However, all values were not significantly different (p 
< 0.05) (Table 21, Figure 26).
4.3.2.4 Apparent N et Nitrogen Utilization
Apparent net nitrogen utilization (APNU ) values showed, as well as PER, 
an increase with both increased dietary protein and lipid. In this case, APNU 
values for diets 2 and 3 were not significantly different (p < 0.05) (Table 21, 
Figure 27).
4.3.2.5 Apparent N et Lipid Utilization
Apparent net lipid utilization (APLU ) showed an increment with 
increased protein in the diets. When dietary protein was 45%, an increase in 
dietary lipid from 7% to 12% supported a slightly increased APLU, but with 
diets containing 53% protein, the same lipid increment lead to a significantly 
lower (p < 0.05) APLU  (Table 21, Figure 27).
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4.3.2.6 Carcass Composition
The proximate composition of the whole fish carcass at the start and at 
the end of the experiment is shown in Table 21.
In general, the fish fed the lowest lipid levels for a given protein level 
tended to have significantly (p < 0.05) higher moisture contents, and 
significantly lower protein and lipid contents. Ash content decreased in fish fed 
the low lipid diets (Table 21, Figure 28).
When lipid contents of eviscerated and non-eviscerated fish were 
compared within each diet, whole fish carcass had a higher lipid content than 
that of eviscerated fish carcass, except in diet 4, suggesting that S.auratn growers, 
as gilthead sea bream fingerlings, normally store excess or reserve fat in visceral 
tissue. When these values were compared within each protein level, both 
eviscerated and non-eviscerated carcass showed an increment in lipid content 
as dietary lipid increased for the two protein levels assayed, suggesting that 
increased lipid carcass deposition was taken place as dietary lipid increased, and 
that fat is also stored in non-visceral tissues.
This increase in lipid carcass deposition was higher in viscera than in 
non-visceral tissues for all protein levels, except in diet 4, when compared with 
d ie ts  (Table 22).
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The proximate composition of fish livers at the end of the experiment is 
shown in Table 23. In general, liver moisture and protein contents were not 
greatly affected by different treatments. Liver lipid content was lower for fish 
fed the higher lipid diets with 53% protein (diets 3 and 4), but increased as 
dietary lipid when the dietary protein level was 45%. Liver size increased in 
treatment with 45% protein as dietary lipid increased, but decreased 
significantly (p < 0.05) with 53% protein when dietary lipid was incremented 
from 6% to 11% (Figure 29, Table 23).
N o correlation was found between HSI and dietary nutrient levels.
4.3.2.7 Mortality
Mortality varied from 1.11% to 3.33%. These values can be considered as 
normal for this species and fish size (Table 21).
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Figu r«  28. Hapatoaomatic indicaa (H 8 I )  
of a .a u r 8 f  growara at tha and of tha 
*xparlmant undar diffarant traatmanta.
4.4 DISCUSSION
In general, growth response of S. aurata fingerlings and growers was 
improved as dietary protein increased up to 52% and 53%, respectively. 
Furthermore, the increment of dietary lipid within each protein level supported 
better growth in both fish sizes.
In the second experiment, the growth response o f fish to the experimental 
diets appears poor when compared to that of smaller fish sizes. However, 
Fernandez-Palacios et rt/.(1989) report that S.auratn growers of similar initial body 
weights (97g) showed an average weight gain value (g/day) of 0.77 (Range: 
0.59-1.02) when fed different commercial diets in the Canary Islands. In the 
present work, the average weight gain (g/day) was 0.69 (Range: 0.45-0.89).
In the experiment with fingerlings, weight gain (g/day) improved as 
dietary lipid increased up to 52% dietary protein level, and food conversion 
efficiency (FCE) was similarly better as dietary lipid increased up to 46% protein 
in the diets. In growers, both weight gain and FCE improved as dietary lipid 
increased up to 53% dietary protein.
In contrast, Marais and Kissil (1979) found that diets containing 43/9 
(%prot/%lip) supported better growth than diets with 43/16 (%prot/%lip) in 
44g S.aurata juveniles. However, the use of soy bean oil as the main source of 
non-protein energy in these experiments could have depressed growth and feed
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efficiency, as soy bean oil has been reported to reduce voluntary feeding level 
in S.aurata (Kissil and Gropp, 1984), and in general, is considered as a poor 
source of highly unsaturated fatty acids (HUFA) which are essential in the diet 
o f marine carnivorous fish species (Kanazawa, 1985; Watanabe, 1987; Tacón, 
1990).
In studies by Marais and Kissil, weight gain (g/day) decreased from 0.5 
to 0.39 and FCE from 0.48 to 0.45 when dietary lipid levels increased from 9 to 
16%. In addition, these authors used a fixed dietary protein level in all 
treatments (43%), giving little room for comparisons with results in the present 
work in terms of dietary protein levels.
Kissil and Gropp (1984) reported best growth in 3g S. aurata fingerlings 
with diets containing 44/10 (%prot/%lip) and in 45g juveniles with diets 
containing 40/5 (%prot/%lip), and, despite the fact that they used fish oil as the 
main source of non-protein energy, the optimum protein levels found in both 
fish sizes correspond to the maximum levels of the experimental ranges 
employed (36-40% protein in juveniles, and 40-44% in fingerlings).
Most recently, Pereira et al. (1987) found that by increasing dietary protein 
level from 46% to 51% the growth of 1.5g S. aurata fingerlings improved with 
diets containing a fixed 14% lipid level. Growth rate (g/day) increased from 4 
to 14%, and PCE from 0.16 to 0.67. Again, the optimum protein level (51%) was 
the maximum o f the range employed, and the fixed lipid level makes
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comparisons difficult. However, fish meal was the only source of dietary 
protein, in contrast with the previous two mentioned works which used a 
mixture o f fish meal, meat meal and soy bean meal (Marais and Kissil, 1979), 
and fish meal, meat and poultry meal, soy bean meal, feather meal, fish 
concentrate protein and soy bean protein (Kissil and Gropp, 1984).
Working with a similar species, the red sea bream {Chrysophrys major), 
Takeuchi et fl/.(1991) fed 2-7g fingerlings diets with a range o f 38 to 53% protein 
and 5 to 20% dietary lipid. They found that the optimum growth performance 
was obtained with a combination of 52% protein and 15% lipid, when white fish 
meal plus casein and pollack liver oil were used as sources of dietary protein 
and lipid, respectively. In that work, weight gain (g/day) improved from 0.25 
to 0.37, and FCE from 0.55 to 0.77, when dietary protein level was increased 
from 38 to 53% in a diet containing 15% lipid. When dietary lipid increased 
from 5 to 20% in a diet containing a fixed 52% protein level, weight gain 
(g/day) improved from 0.33 to 0.51, and FCE from 0.73 to 1.03.
When comparing these results with other carnivorous fish species, an 
increase of dietary lipids usually results in an improved growth and food 
conversion efficiency, as with Dicentrarchus labrax (Alliot et at., 1979, Metailler 
et al., 1981) and Anguilla anguilla (Degani, 1986), best results being frequently 
obtained with dietary lipid levels of 15%-18%, as reported for Seriola 
quinqueradiata (Shimeno et al., 1980), Morone saxatilis (Berger and Halver, 1987) 
and Oncorhynchus mykiss (Watanabe et al., 1979, Alsted and Jokumsen, 1989).
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In the present work, this improvement in growth suggests that some 
sparing effect of lipids on dietary protein could have taken place, when an 
increase of dietary lipids from 9% to 15% and a decrease in dietary protein from 
52% to 46% supported better growth performance in S.aurata fingerlings (diets 
4 and 5), showing no significant difference from diet 6 which gave best results 
(Table 18, Figs.18, 19 and 20).
Similarly, an increase of dietary lipid from 6% to 12% and a decrease in 
dietary protein from 53% to 44% supported no significantly different growth in 
growers (diets 2 and 3), although in this case significantly best results were 
obtained with the experimental diet 4 (54/11 = %pro/%lip) (Table 21, Figs 24, 
25 and 26).
The protein efficiency ratio (PER) showed an increment as dietary lipid 
increased both in fingerlings and growers (Figs.20 and 26). Similarly, apparent 
net nitrogen utilization (APNU ) increased in all treatments as dietary lipid 
increased in growers (Figure 27), and in diets 3 and 4 in fingerlings (Figure 21). 
Similar observations were described for Dicentrarchus labrax (Metailler et al., 
1981), Seriola quinqueradiata (Takeda et al., 1975; Shimeno et a l, 1980), 
Scophthalmus maximus (Bromley, 1980), Morone saxatilis (Millikin, 1982) and 
Oncorhynchus mykiss (Higuera et al., 1977; Takeuchi et al., 1978).
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With respect to S. aurata, Marais and Kissil (1979) found little or no effect 
of increased dietary lipids (9 to 16%) on PER value (1.03 to 1.07) and a decrease 
in APNU  (From 37.7 to 36.5) for a fixed 43% dietary protein level.
Pereira et a/.(1987) reported an increased PER value (From 0.3 to 1.3) 
when fish were fed diets with increased dietary protein from 45.7 to 51% and 
a fixed 14% lipid content.
Takeuchi et n/.(1991) found no effect in PER values for a range of dietary 
protein contents (38 to 53%) and a fixed 15% dietary lipid, and a slight increase 
in PER (1.8 to 1.9) when dietary lipids were increased from 10 to 20% in a diet 
with a fixed 52% protein content.
These effects can be interpreted as a substantially higher protein 
utilization as an increased amount of dietary protein is directed to growth when 
dietary lipid levels are increased, leading consequently to higher PER and 
APNU values.
There was a positive correlation between higher dietary lipids and carcass 
lipid contents, and a negative correlation with carcass moisture and protein 
contents in fingerlings (Table 18, Figure 22). S. aurata growers showed a sinular 
increment in carcass lipid content and a decrease in moisture, although carcass 
protein content tended to increase with higher lipid levels in diets (Table 21, 
Figure 28). Overall, the most significant correlation was found in both fish sizes
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with carcass lipid content, and similar results have also been reported for other 
species such as Chrysophrys major (Yone et al, 1971), Dicentrarchus labrax (Alliot 
et al., 1979), Pleuronectes platessa (Cowey et al., 1975), Scophthalmus maximus 
(Bromley, 1980), Seriola quinqueradiata (Shimeno et al., 1980) and Oncorhynchus 
mykiss (Reinitz et al., 1978; Steffens, 1987). Marais and Kissil (1979) also reported 
an increase in carcass lipid contents (From 11.9 to 12.5%) in S. aurata fed a range 
of dietary lipid levels of 8 to 16%.
In red sea bream, carcass lipid levels rose from 10.6 to 14.5% when fed 
a range of dietary lipid levels from 10 to 20% (Takeuchi et al., 1991).
In the present work, the average increment in carcass lipid content was 
from 9.2 to 10.8% for a dietary lipid increase of 9 to 15% in fingerlings, and from 
10.0 to 10.8% for a dietary lipid increase of 7 to 11% in growers.
This effect is widely interpreted as an increase in carcass lipid deposition, 
which may not be always desirable (Cowey and Sargent, 1979).
When lipid contents of eviscerated and non-eviscerated fish were 
compared, the results suggest that fat was increasingly incorporated both in 
viscera and in non-visceral tissues as dietary lipid increased, but at a 
comparatively higher rate in non-visceral tissues with 52% and 53% protein in 
fingerlings and growers, respectively. This may indicate an undesirable 
increment of fat in fish muscle tissues for these treatments. However, results
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report6d for wild Suiuratn individuals from the Mediterranean coasts o f average 
weight 150g indicate that average lipid contents for eviscerated and non- 
eviscerated wild fish are 12.9% and 13.6%, respectively (Echevarria et al., 1987). 
These values are higher than those obtained in the present experiments (Tables 
19 and 22).
Apparent net lipid utilization (APLU) values showed a decrease as 
dietary lipid was increased in both experiments (Tables 18 and 21, Figures 21 
and 27). This may indicate that a higher percentage of dietary lipids was used 
as fuel hence improving the protein utilization by fish.
Liver lipid content decreased as higher levels of lipids were used in both 
experiments, except in growers with diets 1 and 2. This could be interpreted as 
an adaptation of fish intermediary metabolism to dietary composition. In this 
case, a reduction in the net synthesis of fat, by decreasing the liver fatty acid 
synthesis from non-fatty precursors, as sufficient ready-made fat for 
intermediary metabolic processes was already present, could explain the above 
values. Consequently, the energy which was otherwise required for "de novo" 
synthesis of fatty acids from acetyl-CoA was freed for other purposses and this 
enhanced the degree of protein utilization (Steffens, 1989).
Thus, when rainbow trout was fed diets containing two dietary lipid 
levels (8 and 17%) and a fixed 46% protein content, the activity of glucose-6-
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phosphate dehydrogenase, a liver enzyme involved in fatty acid synthesis, 
decreased from 306 mU/mg to 167 mu/mg (Sanchez-Muros, 1990).
Liver size was positively correlated with carbohydrate levels in 
fingerlings, and in both experiments decreased as dietary lipid increased (Tables 
19,20,22 and 23).
Mortality of fish during both experiments cannot be associated with 
different treatments.
Overall, these findings suggest that best protein to energy ratio (P;E) for 
S. aurata fingerlings was 21.9 g protein/MJ of gross energy for a diet containing 
46.5% protein and 14.8% lipid, and that some sparing effect o f dietary lipid on 
protein was taking place. Best P:E ratio for S. aurata growers was 26.38 g 
protein/MJ of gross energy for a diet containing 54% protein and 11% lipid, 
with less apparent protein sparing effect of dietary lipids.
Lipid carcass deposition was produced in both fish sizes but it was not 
excessive when compared to wild animals.
Differences with previous results reported for gilthead sea bream are 
explained based on the use of vegetable oils as dietary lipid sources by some 
authors (Marais and Kissil, 1979), which may have produced diets with 
deficiency in  essential fatty acids (EFA), hence depressing growth and feed
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efficiency. In addition, the use of restrictive variable ranges and different feed 
ingredients (Marais and Kissil, 1979; Kissil and Gropp, 1984) may also have 
influenced different results obtained. When similar feed ingredients to those 
employed in this work were used with S.aurata and C.major, results seem to 
coincide in the suggestion that S.auratn appears to improve its performance 
under high energy and high protein diets (Pereira et al, 1987; Takeuchi et al, 
1991).
Similar findings have been reported for Seriola quinqueradiata (Takeda et 
al., 1975), Morone saxatilis (Millikin, 1983) and Oncorhynchus mykiss (Alsted and 
Jokumsen, 1989).
Results obtained in the present work also support optimum protein 
requirements found in the previous chapter, although the requirements for 
protein of growers were slightly higher than expected. Further research work 
may contribute to confirm the results, perhaps by using a wider range of dietary 
protein contents, including lower dietary protein levels.
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5.1 INTRODUCTION'
One of the most important aspects in the evaluation of the biological 
effectiveness of a feedstuff is the determination of its digestibility (Phillips, 1969; 
Cho, 1987). This measures the ability of the fish to digest and absorb the 
nutrients it is fed.
It has been shown that considerable variation exists in the nutrient 
digestibility of different feedstuffs between fish species (Lovell, 1977; Stickney, 
1979). Fish are well able to digest fats and proteins (Takeuchi, 1979; Law et al., 
1983), but are poorly adapted to digest carbohydrates (Cowey and Sargent, 1979; 
Shimeno, 1982; Spanhof and Plantikow, 1983; Anderson et al., 1984).
Other carbohydrates such as fibres, hemicellulose, lignin and pentosans 
generally form undigestible fractions in the feed. The growth of some fish 
species tends to be depressed by the presence of about 8% of dietary fibre and 
is highly depressed when the fibre content reaches 20%, probably due to the 
dilution of digestible nutrients through increased bulk or by obstruction of 
enzyme action (N.R.C., 1983). Particle size, source and nature of fibre present in 
the diet are also factors determining its utilization by fish (Davies, 1985).
• Thto chapter was praaanlad aa a poalar In lha IV INTERNATIONAL SYMPOSIUM ON FKM NUTRITION AND FEEDING, fuiw  
24-27» 1991. BUrrIlz, Franev.
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In addition, there may also be antinutrients found in natural feedstuffs, 
which can produce problems in the absorption o f nutrients through the 
inhibition of some chemical mechanisms utilized during digestion, as for 
example, the amylase and protease inhibitors found in raw wheat (Tacón, 1985).
Considerable differences in carbohydrate digestibility between various 
fish species have been reported, as could be expected as a consequence of the 
marked variations in the anatomy of the digestive tract and in the native diet 
(Steffens, 1989).
As stated in the general introduction, carnivorous fish species have a 
limited capacity to digest carbohydrates, and high contents of dietary 
carbohydrate have been reported to negatively affect protein digestibility, feed 
efficiency and growth, increase liver glycogen deposition, hepatosomatic index 
and even caused eventual mortality (Shimeno et al, 1979; Kaushik et al, 1989).
Relative nutrient proportions in the diet also affect digestibility, and 
increased amounts of dietary lipids are known to support increased protein, 
carbohydrate, lipid and energy digestibility (Hepher, 1988)
The aim of the present work was to study the effect of different dietary 
carbohydrate sources and dietary lipid levels on feed digestibility and dietary 
energy utilization in S. aurata juveniles.
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5.2 MATERIALS AND  METHODS
For these two trials (V and VI), gilthead sea bream juveniles of mean 
body weight 41.9g and 46.4g were employed, respectively. Experiments were not 
repeated with smaller fish because of the foreseen major difficulty in obtaining 
enough faecal material. Experimental fish were stocked at 10 fish per tank, three 
tanks per treatment.
Prior to starting the experiments, fish were acclimated for one week, 
feeding them with diets containing 54.9/14.7 and 53.9/10.7 (%prot/%lip), 
respectively, at a rate of 3% of body weight per day. In the first trial, the diet 
used for fish acclimation had a carbohydrate source similar to those of 
experimental diets used in Sections 3 and 4. In the second trial, acclimation was 
carried out with the diet containing a lipid level similar to those of diets in 
Section 3. At the start of each experiment 10 fish were killed by an overdose of 
benzocaine and stored at -20°C for chemical analysis.
Tank system III (Section 2.2.3) was utilized in both trials. Table 24 shows 
the mean values obtained for the environmental parameters recorded during the 
two experiments, as detailed in Section 2.3. All values were within the optimum 
ranges for this species (Section 1.6).
In the first trial, four different experimental diets were prepared, 
containing four different carbohydrate sources: corn starch, dextrin, wheat bran
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and com starch/dextrin (3/1). A ll diets had similar protein (53%) and lipid 
(15%) contents (Table 25).
In the second trial, three different dietary lipid levels (10.7%, 14.1% and 
16.3%) were fed to gilthead sea bream juveniles. All diets had a similar protein 
content (53%). The lipid content was decreased conventionally by replacing 
sardine oil with dextrin and corn starch in a proportion of 1:3 in order to obtain 
approximately isoenergetic diets (Table 26).
The diameter of dry pellets was 2mm in both experiments. Tables 25 and 
26 show the composition of the experimental diets used in both trials.
The feeding regime used during both experiments was 3% of body weight 
per day, with a frequency of two times a day, seven days a week. Faeces were 
not collected until the third day of feeding to be sure that faeces truly 
corresponded to the diets offered. Care was taken shortly after giving the food 
to clean the whole system, starting from the bottom of the tanks to the settling 
columns, to avoid any mixing of faeces and unconsumed food.
Faeces were collected every morning and afternoon before feeding by 
closing the tank outlet valve and pouring about 250ml of water and faeces from 
the bottom of the settling columns into glass settling jars. The fish were then fed 
and the tanks were washed out as described above. After collection, the faeces 
were placed in aluminium containers and dried overnight at 105®C. The dried
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faeces were placed in a vacuum drier until cool and later powdered in a mortar 
and pooled with collections corresponding to each diet. This material was then 
stored at -20°C for chemical analysis.
The fish were maintained under the experimental conditions for 3 weeks 
in both trials to ensure that enough faecal material was available for all analyses.
At the start and at the end of both experiments fish were individually 
weighed to the nearest one decimal place (O.lg) on a Mettler top-pan balance 
(Model PE-3000). At the end of the trials fish were dried in order to obtain total 
moisture and later the carcasses were finely ground for chemical analysis.
Fish mortality was recorded daily to adjust the amount of food offered 
per day.
Dietary energy utilization was evaluated using the schedule proposed by 
Cho and Kaushik (1985). This method involves digestibility analysis and 
comparative carcass analysis, and is summarized in Table 4, Section 1.5.2.
Partitions of dietary energy were carried out by estimations of digestible 
energy, recovered energy, metabolizable energy, heat loss and branchial plus 
urinary energy loss. Energy retention efficiencies were also determined, as 
shown in Table 4 and Table 30.
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5.3 RESULTS
5.3.1 EXPERIMENT V
5.3.1.1 Digestibility
Apparent digestibility coefficients (ADC) of dry matter, nutrients and 
gross energy for the experimental diets are shown in table 27.
The fact that ash content in faeces were high (Table 27) may indicate that 
significant amounts of NaCl were present, hence leading to errors when 
calculating carbohydrate content in faeces. Thus, the latter was re-calculated 
based upon recorded faeces gross energy content and empirical gross energy 
content of nutrients (i.e.: The gross energy content of faeces was calculated 
based on protein, lipid and fibre contents and their typical gross energy values). 
The difference between this value and the measured faecal gross energy content 
was used to re-calculate carbohydrate contents). Carbohydrate digestibility 
coefficients were then also re-calculated accordingly.
Similarly, break-down of faeces during collection may have produced 
CrjOj losses, leading to errors in the estimations of dry matter digestibility 
coefficients (Total digestibility). These values were also re-calculated based on 
the next equation;
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(P X  PD) + (L X  LD) + (CHO x CHOD) + (A x AD ) = (DM xDMD)
Where: P = Dietary protein
L = Dietary lipid 
CHO = Dietary carbohydrate 
A  = Dietary ash 
DM = Dietary dry matter 
D = Apparent digestibility coefficient
N.B.- Crude fibre value, were not uMd in re-calcul.ling dry nviUcr digeMibility. as fibre d ig d ib ilily  i .  regarded as nil.
The ADC of dry matter, lipid and crude protein were not greatly 
influenced by the different ingredients in the diet, but there was a slight 
decrease in the ADC of dry matter and lipid when a higher level of fibre was 
present in diet 4. Carbohydrate and gross energy digestibility were lowest in 
diet 2, where dextrin was used as the only source of carbohydrate. Digestibility 
of carbohydrate was lower than 85% regardless of carbohydrate source (Table 
27, Figure 30).
As fibre content was estimated both in diets and faeces, nutrient 
digestibility was also calculated based upon this natural internal marker (fibre), 
in order to compare it with Cr^Oj to see what effect had on digestibility values.
Table 28 shows apparent digestibility coefficients (ADC) of dry matter, 
nutrients and gross energy for the experimental diets when crude fibre was used 
as inert marker for calculations. The ADC values obtained in this case showed 
similar trends to those obtained with CrjO,. A  slight decrease in the ADC o f dry
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Figure 30. Apparent digestibility coefficients (ADC) of dry 
protein, lipid, carbohydrate and gross energy under 
treatments in the first digestibility experiment.

matter, protein and lipid was apparent when a higher level of fibre was present 
in diet 4. Carbohydrate digestibility was lowest in diets 4 and 2, and the ADC 
of gross energy was lowest in diet 2, where dextrin was used as the only source 
of carbohydrate. The absence of crude fibre in the proximate analysis of diet 3 
made it impossible to calculate ADC values for nutrients in this case.
5.3.1.2 Gains
The net gains of live and dry body weights, protein and lipid are shown 
m Table 29. The effects of different carbohydrate sources on all net gains were 
not statistically different (p < 0.05), although all above values slightly decreased 
when dextrin was the only source of carbohydrate.
The conversions (intake/gain ratio) o f feed and dry matter, protein and 
lipid of feed are also shown in Table 29. Conversions were not greatly affected 
by different treatments, but all values were slighUy higher in diet 2.
5.3.1.3 Partition of dietary energy and energy retention efficiencies
As shown in Table 30, there were no appreciable differences in non-faecal 
energy losses (ZE + UE). The diets containing corn starch as the only source of 
carbohydrate and mixed in a high proportion (3/1) with dextrin produced
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CARBOHYDRATE Corn starch(3) Dext SOURCE Dextrin (1) (100%) (100%)
(Kg gain/100 fish)
Corn starch Wheat 
bran 
(100%)
Live body weight Dry body weight Protein Lipid
FeedDry matterProteinLipid
1.67* 0.65“ 0.3 5“ 0.29“
1.43“
3.68“ 3.68“ 1.19“
1.29“ 0.54“ 0.30“ 0.24*
1 . 66“ 0.67“ 0.33“ 0.33“
(intake/gain ratio)
1.70“0.59“0.35“0.26*
*  D a c a t
Not t Initial body waightj Kg/100 fi.h■valu«» in tha sama row with sama auparacriot ar 
•ignificantly diffarant (r < O.OS)
Partition of dietary energy and efficiences. energy retention
Dietary
carbohydratesource
DE ZE-t-UE ME HE ERE
per Kg feed intake)
0.03 16.31 5.20 0.68
0.03 12.41 4.21 0.66
0.03 16.06 3.95 0.75
0.03 16.98 10.00 0.41
Corn starch 
Dextrin(3/1) 16.34
Dextrin(1 0 0 %)12.44
Corn starch (100%) 16.09
Wheat bran 
(100%) 17.01
de ( D l g a a t l b l *  «n a rgy )  .  (OE In tood - OE In  faacaal  
Re (Racovarad  anargy) .  ( f i n a l  carcasa  O E - l n l t l a l  c a r c a s .  OE)
ZE.UE (R r a n c h la L U r in a r y  anargy l o s s , .  2 4 . *  Mj x (Kg d l g a . t . N ln taka-  K, racovarad  N) 
ME (M « t a b o l1s a b l «  « n ^ rg y )  « D E  - (ZE«UE)
ERE (Energy r « t « n t l o n  • f f i c l « n c y )  .  RE/DE.
HE (T o ta l  h « a t  lo aa )  • ME • RE
increased ME, RE and energy retention efficiencies (ERE), indicating improved 
utilization of energy. The diet containing wheat bran as carbohydrate source 
produced the lowest RE and ERE values, possibly due to the higher amount of 
fibre.
5.3.2 EXPERIMENT VT 
5.3.2.1 Digestibility
Apparent digestibility coefficients (ADC) o f dry matter, nutrients and 
gross energy for the experimental diets are shown in Table 31.
Again, carbohydrate and dry matter digestibility coefficients were re­
calculated based on assumptions discussed in experiment V. Proximate analysis 
of fish faeces is also shown in Table 31.
The ADCs of gross energy, lipid and crude protein increased as dietary 
lipid increased from 10.75% to 14.15%, but all these ADC values dropped when 
the lipid level was 16.27%. These effects are interpreted as caused principally by 
the increasing amount of fibre in the highest lipid diet. Dry matter and 
carbohydrate digestibilities decreased as dietary lipid increased (Figure 31).
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Table 32 shows apparent digestibility coefficients (AIXT) of dry matter, 
nutrients and gross energy for the experimental diets when crude fibre was used 
as inert marker for calculations. The ADC of protein was not affected neither by 
the lipid nor the fibre levels in the diets. Lipid digestibility increased as dietary 
lipid increased from 10.75% to 14.15%, but declined when the lipid level was 
16.27%. This effect is interpreted as due to the increasing amount of fibre in the 
highest lipid diet. Similarly, the ADC of gross energy, dry matter and 
carbohydrate decreased as the amount of dietary fibre was higher. The negative 
value of carbohydrate ADC in diet 3 suggests a lower accuracy when 
calculations were based upon fibre as marker, in comparisson with CrjOj.
5.3.2.2 Gains
The net gains of live and dry body weights, protein and lipid are shown 
in Table 33 and figure 31. These values were only statistically different for lipid 
(p < 0.05), but in all of them higher lipid levels supported higher net gains.
The conversion of feed and dry matter, protein and lipid of feed are also 
shown in Table 33. Conversions of feed, dry matter and protein were more 
efficient as the lipid level increased, protein gain differences being statistically 
significant (p < 0.05). Lipid conversion was best at 14.15% dietary lipid, and 
very similar at 10.75% and 16.27%.
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S.3.2.3 Partition of dietary energy and energy retention efficiencies
As shown in Table 34, there were no appreciable differences in non-faecal 
energy losses, and increased dietary lipid levels supported increased ME, RE 
and ERE.
5.4 DISCUSSION
Carbohydrates such as fibres are considered undigestible fractions in the 
feed (N.R.C., 1983), and even omnivorous fish species such as common carp are 
practically unable to digest crude fibre. Hence the crude fibre content in the diet 
can be used as an indicator in digestibility studies (Steffens, 1989). When 
comparing crude fibre with Cr203 as internal markers in these experiments, 
despite a certain similarity in trends of results using both substances, the fact 
that crude fibre content estimates lead to higher errors was apparent in diet 3 
(Trial V) and diet 3 (Trial VI). More accurate results seem, therefore, to be 
obtained with the use of CrjOj. However, the presence of NaCl in faeces and the 
possible leaching effect previously discussed makes the comparison between 
markers difficult.
In the first experiment, it is clear from the high protein digestibility 
values obtained that no appreciable negative effects of antinutrients were shown 
in any diet. Diet 4, containing 14.1% of wheat bran performed well. This result
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opens the possibility of utilizing wheat bran as source o f carbohydrate for 
practical diets in S.aurata.
The high digestibility values observed for the fish oil in both experiments 
demonstrate that this species has the ability to utilize this fat source efficiently.
S.aurata juveniles showed a slightly limited ability to use carbohydrate, 
digestibility values being lower than 85% regardless of carbohydrate source in 
the first experiment. This fact has been reported for similar marine carnivorous 
species (Shimeno et al, 1979; Jobling, 1981), probably because of poor 
digestibility of polysaccharides. Increased amounts of fibre in the second 
experiment produced lower carbohydrate digestibility. This has also been 
reported for Oreochromis niloticus and Chanos chanos (Wang et al., 1985; Ferraris 
et al., 1986). It is interesting to observe that there were no deletereous effects in 
diet 4 (14.1% wheat bran) due to antinutrients.
The dry matter digestibility is the combination of the partial digestibilities 
of all the materials in the diet. In the first experiment the origin of the 
carbohydrates affected the ADC of the dry matter. Thus, diets 2 and 1 
containing a high percentage of dextrin had the highest digestibility values to 
dry matter. These were followed by diet 3 in which the only carbohydrate 
source was corn starch, and diet 4 in which wheat bran was the only source of 
carbohydrate. The lowest value for diet 4 is probably due to the higher fibre 
content.
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The results of the first experiment seem to indicate that corn starch was 
the most effective carbohydrate source in terms o f "energy-yielding". Red sea 
bream {Chrysophrys major) has also been reported to utilize starch more 
efficiently than dextrin or glucose (Furuichi and Yone, 1982). Dietary dextrin 
levels above 10% and 20% produced growth retardation, low feed efficiency and 
poor carbohydrate digestibility in Pleuronectes platessa and Seriola quinqueradiata, 
respectively (Cowey and Sargent, 1972; Furuichi and Yone, 1980).
Increased dietary lipid levels in the second experiment supported 
increased metabolizable energy (ME), recovered energy (RE), energy retention 
efficiency (ERE) and better protein conversion, indicating improved utilization 
o f protein and energy. Similar results were reported by Cho (1987), when 
feeding rainbow trout of 0.7g initial body weight with dietary lipid levels 
ranging from 13 to 23%.
Very similar lipid conversion ratios with increased dietary lipids indicated 
that an increased proportion of lipid in the diet was used as fuel, hence the 
protein conversion was improved. This also may have indicated that high lipid 
diets did not promote the high carcass lipid deposition as expected, suggesting 
the protein sparing effect of dietary lipid reported in the previous chapter and 
for similar fish species (Takeuchi et aL, 1978; Takeda et a l, 1975; Bromley, 1980).
Pereira et al. (1987) reported a beneficial effect on growth and feed 
utilization in gilthead sea bream as dietary lipid content increased, this was also
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reported for other fish species such as Dicentrarchus labrax (Metailler et al., 1981), 
Anguilla anguilla (Degani, 1986), Seriola cjuinqueradiata (Shimeno et al., 1980), 
Morene saxatilis (Berger and Halver, 1987) and Oncorhynchus mykiss (Watanabe 
et al., 1979; Alsted and Jokumsen, 1989).
The fact that no differences in non-faecal energy losses were apparent in 
both experiments may indicate that the protein from the fish meal was utilized 
to a minimum for energy purposes, since the diets contained enough non­
protein "energy-yielding" nutrient (lipid) (Cho, 1987).
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6. GENERAL DISCUSSION
Research in fish and shellfish nutrition is a relatively new area. However, 
aquaculture origins extend back at least three thousand years (Bardach et al., 
1972), and most of the world aquaculture practices nowadays are still based 
ancient production methods.
on
In most developed western countries and Japan a series o f factors in the 
middle of the 1960s made clear that there were serious constraints to the future 
development of traditional fishery industries. A  trend towards the intensive 
cultivation of high-value fish and shellfish resulted, which quickly gave rise to 
the term aquaculture. Pioneering efforts in fish nutrition were made by 
American and Japanese investigators in particular (Lovell, 1989; Steffens, 1989).
Not surprisingly, most research concentrated principally on salmonids, 
which were species of high commercial interest, and the extent to which this 
research effort has contributed to the massive development o f the salmon 
industry in north-European countries nowadays, for example, cannot be 
underestimated (Steffens,1989).
The fact that Sparus aurnta, a Mediterranean species with high economical 
value, which has been cultured on a commercial scale since the early 1980s, has 
not been subject to similar research interest can be, at least partially, understood
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since most Mediterranean countries suffer a lack o f basic and applied research 
development, especially in aquaculture (O.C.D.E., 1989).
More recently, however, a greater level of resources is being devoted to 
aquaculture research in some of these Mediterranean countries and more people 
are engaged with the problems of fish nutrition (Ricard, 1990).
An understanding of dietary energy budgets and efficiency of protein 
utilization is o f greatest importance for successful diet formulation, and this 
requires systematic and orderly nutritional research applied to every single 
cultured fish species (Halver, 1976).
The work presented here attempts to address several nutritional aspects 
of S. aurata. Some of these form extensions/improvements to previous works 
and others study contributory aspects, all closely inter-related.
Although the number of experiments performed are not conclusive, in the 
present study the dietary protein requirements found for S. aurata were 55% and 
42% crude protein for fry and juveniles, respectively. These values are in the 
same range as those found for other marine carnivorous fish species, although 
Sabaut and Luquet (1973) reported a value of 40% protein for 3 g initial body 
weight individuals of the same species.
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Such differences are interpreted as partially produced by the use of 
different dietary energy levels and protein sources, as well as different 
environmental conditions. In addition, the analysis of the data on growth and 
protein gain may lead to significantly different results as a consequence of the 
use of one of the two different statistical techniques more frequently employed.
Thus, when dose-response analysis, using the "broken-line" technique, is 
applied to the data on weight gain from this work, the resulting protein 
requirements are 49.7% and 41.0% for fry and juveniles, respectively (Figures 9  
and 15), which are much in agreement with the results of Sabaut and Luquet. 
Similarly, if data from these authors on weight gain are analysed with the 
polynomial regression technique, the resulting protein requirement of 3g S. 
aurata fingerlings is 59.5% (Figure 32).
One of the two above techniques has been chosen by many investigators. 
Some of them showed their preference for the polynomial regression analysis 
(Cowey et a l, 1972; Santiago and Reyes, 1991; Teng et ai, 1978; Shi et al., 1988), 
and others employed the broken-line (De Long et al., 1958; Anderson et al., 1981; 
Papaparaskeva and Alexis, 1986; Satia, 1974). In this group, it may be reasonable 
to argue that the use of the polynomial regression technique would have 
resulted in significantly higher protein requirements for Oncorhynchus 
tschaxoytscha, Micropterus dolomieu and M. salmoides, Mugil capita and 
Oncorhynchus mykiss, respectively.
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Figure 32. Dose response analysis (polynomial 
regression) of data on weight gain (%) against 
different dietary protein levels from the work of 
Sabaut and Luquet (1973).
Other authors prefer either to report the economically optimal dietary 
protein resulting from the polynomial analysis (De Silva and Gunasekera, 1991), 
or to make a selection from the two performed analyses (Dabrowski, 1977).
The above suggests that a new source of difficulty when comparing 
results from different authors should be added to the list already mentioned, 
underlining the necessity to standardize experimental approaches. The results 
of this work suggest that the choice of the analysis technique should be based 
on the better fit to fish response, although the broken-line and polynomial 
models applied to the experimental data proved to be inappropriate.
Higher carbohydrate content in low protein diets produced increased liver 
glycogen accumulation, suggesting a limited ability of S.nurcita to utilize dietary 
carbohydrate.
The results from the experiments on the sparing effect of dietary lipids 
on protein in S. aurata fingerlings and growers showed that the optimum dietary 
protein levels for both sizes were about 52% and 53%, respectively (Section 4 ). 
The requirements for protein of growers were slightly higher than expected, but 
overall confirmed the results from the first experimental chapter.
Thus, the optimum dietary protein level found for 0 .8g fry was 55%, a 
value which in the case of 5g fingerlings was 52%. However, with 90g sea bream 
growers, best performance was observed with 5 3 % protein, while optimum 
dietary protein level for 60g juveniles was 42%. The decrease of protein
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requirements in juveniles when compared with fry and fingerlings agrees with 
the well documented fact that smaller fish require higher levels of protein than 
larger fish (Section 3.4). However, optimum dietary protein levels for growers 
could have been expected in the same range as that of juveniles. A  possible 
explanation could be a higher protein demand during sexual ripening of 
growers for gonad development. Unfortunately, this factor was not taken into 
account in the present experiments, and further research work will be needed 
to confirm or disprove this theory.
The protein sparing effect of dietary lipids was more evident with 
fingerlings, where reduction of dietary protein from 52% to 46% and increase 
of lipids from 9% to 15% in the diets resulted in better performance of fish. 
Then, best protein to energy ratios (P:E) were 21.9 and 26.4 g protein/Mj of 
gross energy for fingerlings and growers, respectively, and for a water 
temperature range of 20-22°C. These values were in the range of results reported 
for other fish species (Table 2), and suggest that an increase of dietary lipids 
usually results in an improved growth and food conversion efficiency, especially 
in carnivorous fish species (Alliot et al., 1979; Shimeno et ai, 1980; Degani, 1986; 
Berger and Halver, 1987; Alsted and Jokumsen, 1989).
Accordingly with these results, proportions of dietary protein and lipids 
of 45% and 15%, respectively, can be proposed for S.aurata fingerling diets, and 
it is suggested that dietary protein level could also be reduced from 5 5  to 50% 
in diets for fry, providing lipid levels are increased from 8 to 15%.
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The lack o f conclusive results in the experiment with growers gives little 
room to suggest any protein-sparing effect in juveniles. However, this effect was 
apparent in experiment VI, when increased amounts of dietary lipids improved 
overall dietary protein and energy utilization.
The increase of dietary lipids produced an increment in carcass lipid 
deposition, which took place both in viscera and non-visceral tissues (Table 20), 
but these levels were in all cases well below reported carcass lipid contents in 
wild S. aurata in the Mediterranean (Section 4.4). The latter suggests that there 
is still scope for further increase in high-quality lipids in formulated diets for 
this species, and that more research is needed to determine if higher reductions 
in dietary protein can be achieved by this means.
The inclusion of higher levels of dietary lipids provoked a decrease in 
liver lipid content, which could be due to a reduction in liver fatty acid 
synthesis, as enough fat for intermediary metabolism was already present. The 
energy otherwise required for this process could then be used for other 
metabolic purposes and hence improve protein utilization (Sanchez-Muros, 
1990).
Differences between the results of the present study and previously 
reported results for S. aurata from other workers are explained by poor 
utilization of purified diets and vegetable oils by this species and different 
feeding rates and environmental conditions used by other authors (Sabaut and
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Luquet, 1973; Marais and Kissil, 1979; Kissil and Groop, 1984). The use of non- 
isoenergetic diets and restrictive variable ranges can also be argued.
There is, however, an agreement with other authors (Pereira et al., 1987; 
Takeuchi et al., 1991) when similar feed ingredients to those employed in this 
work were used with S.aurata and C.major, in the fact that high energy and high 
protein diets improved fish performance.
In the digestibility experiments, several techniques and procedures 
employed are suggested as the source of errors when calculating apparent and 
total digestibility coefficients (Cho, personal communication, 1991).
In the first place, faeces break-down could have been diminished by using 
higher slopes in the settling columns and by collecting faeces on a continuous 
basis, as they were settled, in centrifugal tubes.
The estimation o f carbohydrate contents in faeces should have included 
determination of NaCl levels when calculations were made by difference, and 
biochemical analysis (especially for carbohydrate) would have produced more 
accurate results.
In general, a margin of error must be assumed in absolute values of 
nutrient digestibility obtained after re-calculations, although relative values 
between different treatments are consistent with those obtained for weight gains, 
conversions and energy partition.
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Thus, having in mind the above reservations, some valuable conclusions 
may be drawn when comparing diets in these experiments.
The use of crude fibre as an internal marker to calculate nutrient 
digestibilities resulted in less accurate results than those obtained when CrjOj 
was used as reference marker. However, the fact that similar trends in ADC 
results were present suggests that crude fibre could be an appropriate internal 
marker for digestibility studies when problems such as faeces break-down and 
NaCl estimations are overcome.
Low  carbohydrate digestibility values shown by S. ciurntn juveniles, 
regardless of carbohydrate source, seem to indicate a limited ability to use this 
could be expected from data obtained with other marine carnivorous 
fish species (Shimeno et al., 1979; Jobling, 1981). However, protein and lipid 
digestibilities were always above 94% and 99%, respectively. No appreciable 
negative effects of antinutrients were shown in any diet, and the high ADC 
values observed for the fish oil in both experiments demonstrate that this 
species has the ability to utilize this fat source efficiently.
Increased amounts o f fibre in diets produced lower protein and lipid 
digestibility, this effect being more pronounced on carbohydrate digestibility. 
This has also been reported for other fish species (Wang et al, 1985; Ferraris et 
al., 1986).
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The results of the first digestibility experiment also suggest that corn 
starch was the most efficient carbohydrate source as "energy-yielding" for 
S.aurata, as similarly reported for red sea bream (Furuichi and Yone, 1982).
As a consequence, practical diets for S. aurata should contain 
carbohydrate and fibre levels not higher than 2 0 % and 6 %, respectively.
Wheat bran, which was also used as carbohydrate source in a previous 
experiment with S. aurato growers, showed reasonably good results in this 
experiment, indicating that this product, locally available, can be a useful 
ingredient if the prospects to commercially produce practical diets for this 
species are considered in Canary Islands.
When comparing different energy levels in diets, increased amounts of 
dietary lipids improved overall dietary protein and energy utilization, also 
suggesting the protein-sparing effect of dietary lipids. These beneficial effects of 
increased dietary lipid contents agree with those reported by Cho (1987) with 
rainbow trout.
The studies reported suggest that S. aurata juveniles require 35.7 KJ 
digestible energy per gram of digestible crude protein intake, for a diet 
containing 48% digestible crude protein and 15.8% digestible lipid.
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Based on the preliminary findings of this thesis a list of conclusions may 
be summarized as follows:
1. The dietary protein requirements found for S. aurata fry and juveniles were 
55% and 42%, respectively.
2. The differences found with results from other authors are interpreted mainly 
as a consequence of the use o f different techniques for analysing experimental 
data, underlining the need for standardization of experimental methods in order 
to obtain comparable results. In addition, the use of different dietary ingredients, 
feeding rates and environmental conditions by other authors contributes to 
explanation of different results.
3. There is a need for a series o f  experiments on dietary protein substitution in 
order to reduce production costs of high protein diets for S. aurata.
4. The dietary protein requirements found for S. aurata fingerlings and growers 
were 52% and 54%, respectively, and this level o f protein could be reduced to 
45% when dietary lipid increased from 9% to 15%. This protein-sparing effect 
was more pronounced in smaller fish.
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5. The above results suggest that protein levels similarly could be reduced to 
50% for fry, providing an increment in dietary lipid levels from 9% to 15-17%.
6 . Excess or reserve lipids are stored both in visceral and non-visceral tissues in 
S. aurata.
7. Lipid carcass deposition was incremented as dietary lipid increased, although 
levels were not excessive when compared to wild animals.
8 . The above findings may suggest that there exists scope for further dietary 
protein substitution by lipids. This should be studied in future experiments with 
S. aurata.
9. Optimum dietary protein requirements found for S. aurata growers could have 
been expected in the same range as that of juveniles (42%). A  possible 
explanation for the high values obtained (52%) could be a higher protein 
demand during sexual ripening for gonad development. Further research will 
be needed to test this hypothesis.
1 0 . Some techniques and procedures used when determining nutrient 
digestibilities were identified as sources of errors. Improvements are discussed.
11. The use of crude fibre as internal marker for digestibility studies was less 
accurate than when Cr203 was employed.
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12. A  limited ability of S. aurata juveniles to use dietary carbohydrate, as well 
as a negative effect of increased levels of fibre in the diets, may indicate that 
formulated practical diets for this species should include maximum fibre and 
carbohydrate levels of 6 % and 2 0 %, respectively.
13. Dietary proteins and lipids were well digested, underlining their importance 
as "tissue-yielding" and "energy-yielding" nutrients for this species.
14. Further digestibility studies should be carried out with smaller fish sizes to 
compare nutrient digestibility at different life cycle stages.
15. Corn starch was the most effective carbohydrate source in terms of "energy- 
yielding", although wheat bran appeared to be a suitable carbohydrate source 
for practical diets.
16. A  wider range of carbohydrate sources and feedstuffs must be assayed in 
future experiments with this fish species in order to assess their suitability for 
commercial diets.
17. Increased dietary lipid levels supported improved dietary protein and energy 
utilization, underlining the importance of this nutrient as "energy-yielding" for 
S. aurata.
18. The method of estimating ME, ZE + UE, HE and nutrient and energy
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retention efficiencies using comparative carcass analysis proposed by Cho (1987) 
resulted in a practical and reliable tool for evaluation of fish diets.
19. Suggested nutrient levels in practical diets for S. aurata can be summarized 
as follows (% dry wt.):
Nutrient
Protein
FryFrom weaning up to 2g
Lipid(From fish oil)
Carbohydrate (From wheat bra
Fibre
Gross Energy (MJ/Kg)
P:E ratio (g/MJ of GE)
Juvenile2g-60g Grower 60g —♦
50
.) 45 45
17 15 13
20in) 20 20
6 6 6
21.3 19.4 18.7
23.5 23.2 24.1
In conclusion, it can be seen that much more research is needed to provide 
a sound knowledge o f the nutritional requirements of the gilthead sea bream in 
order to provide a solid support to the commercial culture of this species. It is 
hoped that this thesis may provide guidelines and stimulus for further research 
aimed at regional aquaculture development in the Canary Islands.
140

8 . REFERENCES
ALSTED ^. and JOKUMSEN,A. 1989. The influence of dietary protein: fat ratio 
on the growth of rainbow trout iSalmo gairdneri). Proc.Third Symp.on 
Feeding and Nutr.in Fish. Toba, Aug.28-Sept.l, Japan, p 209-220.
ALLIOT,E. and PASTOUREAUD,A. 1979. Influence de la salinité sur la 
croissance et l'utilization chez les loups juveniles, Dicentrarcus labrax. Vie 
Marine, 1, 13-17.
AL1-’10T,E., PAST0UREALJD,A. and NEDELEC,J. 1979. Etude de Rapport 
calorique et du rapport calorico-azote dans l'alimentation du bar, 
Dicentrarchus labrax.Influence sur la croissance et la composition 
corporelle. In: J.E.Halver and K.Tiews (Eds.).Proc.World Symp.on Finfish 
Nutrition and Fishfeeds Technology. Hamburg, 20-23 June,1978, Berlin. 
P  241-251.
ANDERS0N,R.J., KIENH0LZ,E.W. and FLICKING ER,S. A. 1981. Protein 
requirements of smallmouth bass and largemouth bass. The Journal of 
Nutrition, 111(6), 1085-1097.
ANDERSON,J., JACKSON,A.J., MATTY,A.J. and CAPPER,B.S. 1984. Effects of 
dietary carbohydrate and fibre on the Tilapia Oreochromis niloticus (L.). 
Aquaculture. 37, 303-304.
ANDREWS,J.W. 1979. Some effects of feeding rate on growth, feed conversion 
and nutrient absorption o f channel catfish. Aquaculture. 16, 243-246.
ANDREWS,J.W.,MURRAY,M.W. and DAVIS,J.M. 1978. The influence o f dietary 
fat levels and environmental temperature on digestible energy and 
absorbability of animal fat in catfish diets. J.Nutrition, 108, 749-752.
AOAC. 1985. Official methods of analysis of the association of analytical 
chemist. 14th edition. Washington, pp 1018.
ARCHDEKIN,C.G., HIGGS,D.A., McKEOWN,B.A. and PLISETSKAYA,E. 1988. 
Protein requirements of post-juvenile Chinook salmon in seawater. Bull. 
Aqua. Association Canada. Proc. Woddy, S.L. (Ed.) Vancouver, p  78-80.
ARIAS,A. 1977. Preliminary experiments of induced spawning on the sea bream 
Sparus aurata. Invest. Pesq., 41, 275-284.
141
ARIAS,A. 1980. Growth, alimentary diet and reproduction of the sea bream 
Sparus aurata and the sea bass Dicentrarchus labrax in the fish ponds of 
Cadiz. Investigaciones Pesqueras. 44(1), 59-83.
DRAKE,P. and RODRIGUEZ,R. 1984. Rearing ponds ("esteros") in the 
San Fernando salt ponds in Cadiz, Spain. In: G>Bamabe and R>Billard 
(Eds.) L'aquaculture du Bar et des Sparides. INRA. Publ.Paris. p 447-463.
AUSTRENG,E. 1978. Digestibility determination in fish using chromic oxide 
marking and analysis of contents from different segments of the 
gastrointestinal tract. Aquaculture. 13, 265-272.
AUSTRENG,E. and REFST1E,T. 1979. Effect of varying dietary protein level in 
different families of rainbow trout. Aquaculture, 18, 145-156.
AUSTRENG,E., SKREDE,A. and ELDEGARRD,A. 1980. Digestibility of fat and 
fatty acids in rainbow trout and mink. Aquaculture, 19, 93-95.
BARBARO,A., FRANCESCON,A., BERTAGGIA,R. and ANTONINI,G. 1986. 
Growth, survival and production o f hatchery bred gilthead sea bream] 
Sparus aurata, reared in a fishing "valle". Quad.Civ.Stt.Idrobiol. Milano I 3 ' 
19-21. ' '
BARDACH,J.E., RYTHER,J.H. and McLARNEY,W.O. 1972. Aquaculture. The 
farming and husbandry of fresh water and marine organisms. John Wiley 
& Sons. 668 pp.
BARNABE,G. 1976. Rapport technique sur la ponte induite et I'elevage des 
larves du loup Dicentrarchus labrax (L.) et de la dorade Sparus aurata (L.). 
Stud. Rev. G.F.C.M., 55, 63-116.
BARNABE,G. and BILLARD,R. 1984. L'aquaculture du bar et des Sparides. 
IN R A  Publ. Paris. 536 pp.
BARROWS,F.T., SELL,J.L. and NICKUM,J.G. 1988. Effects of dietary protein and 
energy levels on weight gains, body composition, and RNA:D NA ratios 
o f fingerling walleyes. Prog. Fish Cult. 50, 211-218.
BEAMISH,F.W.H. and MEDLAND,T.E. 1986. Protein sparing effects in large 
rainbow trout {Salmo gairdneri). Aquaculture. 55, 35-42.
BERGER,A. and HALVER,J.E. 1987. Effect of dietary protein, lipid and 
carbohydrate content on the growth, feed efficiency and carcass 
composition of stripped bass (Morotte saxatilis) fingerlings. Aquaculture 
and Fisheries Management. 18, 345-356.
142
BERGOT,F. 1979. Effects of dietary carbohydrates and of their mode of 
distribution on glycaemia in rainbow trout. Comp.Biochem.Phvsiolol.. 
64(A), 543-547. ^
y B I^ IO ,M ., SPREAFICO,E., GNES,A., BIGNAMI,S. and GELLI,F. 1979. Growth 
and feed conversion of the european eel (Anguilla anguilla L.) in relation 
to protein level and size composition. In: J.E. Halver and K.Tiews (Eds.). 
Proc. World Symp. on Finfish Nutrition and Fishfeeds Technology. 
Hamburg, 20-23 June 1978, Berlin, p 525-536.
BCXDRMAN,K.N. 1980. Dietary constrains on nitrogen retention. In: P.J. Buttery 
and D.B. Lindsey (Eds.). Protein deposition in animals. Butterworths, 
London, p 147-166.
BRAFIELD,A.E. 1985. Laboratory studies on energy budgets. In: P.Tytler and 
P.Calow (Eds.) Fish energetics. N ew  perspectives. Groom Helm. London 
and Sydney, p 257-281.
BRAFIELD,A.E. and SOLOMON,D.J. 1972. Oxycalorific coefficients for animals 
respiring nitrogenous substrates. Comp.Biochem.Physiol., 4 3 (A ), 837.
BRETT,J.R. 1983. Life energetics of sockeye salmon, Oncorhynchus nerka. In: 
W.P.Aspey and S.I.Lustick (Eds.). Behavioural energetics: The cost of 
survival in vertebrates. Columbus, Ohio State Univ.Press. p 29-63.
BRETT,J.R. and GROVES,T.D.D. 1979. Physiological energetics. In: W.S.Hoar, D.J. 
Randall and J.R. Brett (Eds.). Fish Physiology. Academic Press.New York, 
Vol.8 . p 279-352.
BROMLEY,P.J. 1980. Effect of dietary protein, lipid and energy content on the 
growth of turbot (Scophthalmus maximus). Aquaculture. 19, 359-369.
BROMLEY,D.J. and ADKINS,T.C. 1984. The influence of cellulose filler on 
feeding, growth and utilization of protein and energy in rainbow trout, 
Salmo gairdneri. Richardson. Journal of Fish Biology. 24, 235-244.
BUHLER,D.R. and HALVER,J.E. 1961. Nutrition of salmonoid fishes. IX. 
Carbohydrate requirements of Chinook salmon. J. Nutr., 74, 307-318.
CAMERON,J.N. and HEISLER,N. 1983. Studies of ammonia in rainbow trout: 
physicochemical parameters, acid-base behaviour and respiratory 
clearance. J.Exp.Biol., 105, 107.
CATALDI,E., CATAUDELLA,S., MONACO,G., R(DSSI,A. and TANCIONI,L. 
1987. A  study of the histology and morphology of the digestive tract of 
the sea-bream, Sparus aurata. J.Fish Biol., 30(2), 135-145.
143
CHANG,V.M. and IDLER,D.R. 1960. Biochemical studies on sockeye salmon 
spawning migration. Liver glycogen. Can.J.Biochem.Physiol., 38,553-558.
CHAUVET,C. 1984. Improving natural production in Tunis lagoon by 
controlling fish migration and adjusting fishing techniques. In: G.Barnabe 
and R.Billard (Eds.). L'aquaculture du bar et des Sparides. IN R A  Publ. 
Paris, p 495-511.
CHERVINSKI,J. 1984. Salinity tolerance of young gilthead sea bream. Spams 
aurata L. Bamidgeh, 36(4), 121-123.
CHIOU,J.Y. and CX5INO,C. 1975. Digestibility o f starch in Carp. Bull. Jap. Soc. 
Sci. Fish. 41, 465-466.
CHO,C.Y. 1981. Effects of dietary protein and fat levels on the heat increment 
of feeding in rainbow trout. Minisymp. Proc. XII Int. Cong. Nutrition 
(lUNS), San Diego, California.
CHO,C.Y. 1982. Effects of dietary protein and lipid levels on energy metabolism 
of rainbow trout, Salmo gairdneri. Proc. 9th Symp.on Energy Metabolism 
Farm Animals. Europ. Asoc. Anim. Prod.Publ.29, 250-254.
CHO,C.Y. 1987. Studies on nutritional energetics and protein utilization in 
rainbow trout. Ph.D. Thesis. Univ. of Guelph. Canada, pp 137.
CHO,C.Y., BAYLEY,H.S. and SLINGER,S.J. 1975. An automated fish 
respirometer for nutrition studies. Proc.28th Ann.Meeting of Can.Conf.for 
Fish. Res., Vancouver,B.C.
CHO,C.Y., SLINGER,S.I. and BAYLEY,H.S. 1976. Influence of level and type of 
dietary protein, and the level of feeding on feed utilization by rainbow 
trout. Journal of Nutrition. 106, 1547-1556.
CHO,C.Y., SLINGER,S.I. and BAYLEY,H.S. 1982. Bioenergetics of salmonid 
fishes: energy intake, expenditure and productivity. Comp. Biochem. 
Physiol. 73B(1), 25-41.
CHO,C.Y. and KAUSHIK,S.J. 1985. Effects of protein intake on metabolizable 
and net energy values of fish diets. In: Nutrition and Feeding in Fish. 
C.B.Cowey, A.M. Mackie and J.G.Bell (Eds.). Academic Press. London. 
p.95-117.
CHO,C.Y., COWEY,C.B. and WATANABE,T. 1985. Finfish Nutrition in Asia. 
Methodological Approaches to Research and Development. IDRC. 
Ottawa, pp 152.
CHOUBERT,G., DE LA NOUE,J. and LUQUET,P. 1979. Continuous quantitative 
automatic collector for fish faeces. Prog. Fish Cult. 41, 64-67.
144
CHRISTIE,W.W. 1982. Lipid analysis. Pergamon Press, Oxford. 207 pp.
CLARK,A.E., WATANABE,W.O., OLLA,B.L. and WICKLUND,R.1.1990. Growth, 
feed conversion and protein utilization of Florida red tilapia fed isocaloric 
diets with different protein levels in seawater pools. Aquaculture. 8 8 , 7 5 - 
85.
COLL,J. 1983. Acuicultura marina animal. Mundi-Prensa. Madrid. 670 pp.
COWEY,C.B. 1975. Aspects of protein utilization by fish. Proc. Nutr. Soc. 34 57- 
63.
COWEY,C.B. 1979. Protein and amino acid requirements of finfish. In: J.E.Halver 
and K.Tiews (Eds.). Pro. World Symp. on Finfish Nutrition and Fishfeed 
Technology, Hamburg 20-23 June, 1978. Voll, Berlin, p 3-16.
COWEY,C.B. 1980. Protein metabolism in fish. In: P.J.Buttery and D.B.Lindsay 
(Eds.) Protein deposition in animals. Butterworths, London, p 271-288.
COWEY,C.B., ADRON,J.W. and BLAIR,A. 1970. Studies on the nutrition of 
marine flatfish. The essential amino acid requirements of plaice and sole. 
J.Marine Biol.Assoc. U.K., 50, 87-95.
COWEY,C.B. and SARGENT,J.R. 1972. Fish Nutrition. Adv. Marine Biol. 10, 383- 
492.
COWEY,C.B., POPE,J.A., ADRON,J.W. and BLAIR,A. 1972. Studies on the 
nutrition o f marine flatfish. The protein requirement of plaice 
(Pleuronectes platessn). Br. J.Nutr. 28, 447-456.
COWEY,C.B., ADRON,J.W, BROWN,D.A. and SHANKS,A.M. 1975. Studies on 
the nutrition of marine flatfish. The metabolism of glucose by plaice 
(Pleuronectes platessa) and the effect of dietary energy source on protein 
utilization in plaice. Br. J. Nutr. 33, 219-231.
COWEY,C.B. and SARGENT,].R. 1979. Nutrition. In: Fish Physiology. W.S.Hoar, 
D.J.Randall and J.R.Brett (Eds.). Vol.8 . Academic Press, p 1-786.
COWEY,C.B. and TACON,A.G.J. 1981. Fish nutrition: relevance to invertebrates. 
Second Intern. Conf. Aqua. Nutr.27-29 October, University of Delaware.
COWEY,C.B. and LUQUET,P. 1983. Physiological basis of protein
requirements of fishes: critical analysis of allowances. IVth 
IntSymp.Protein Metabolism and Nutrition. Clermont-Ferran (le 
Colloques de I'lNRA, N.16).
COWEY,C.B. and WALTON,M.J. 1989. Intermediary nnetabolism. In: J.E.Halver 
(Ed.). Fish Nutrition (2nd Edition). Academic Press. London. 260-329.
145
DABROWSKI,K. 1977. Protein requirements of grass carp fry {Ctenopharyngodon 
idella). Aquaculture. 1 2 , 63-73.
DANIELS,W.H. and ROBINSON,E.H. 1986. Protein and energy requirements of 
juvenile red drum {Sciaenops ocellatus). Aquaculture. 5 3 , 243-252.
DAVE,G., JOHANSON-SJOBECK,M.L., LARSSON,A., LEWANDER,K. and
LIDMAN,U. 1975. Metabolic and haematological effects of starvation in 
the European eel. Carbohydrate, lipid, protein and inorganic ion 
metabolism. Comp. Biochem. Physiol., 52(A), 423-430.
DAVIES,S.J. 1985. The role of dietary fibre in fish nutrition. In: J.F.Muir and 
R.J.Roberts (Eds.). Recent advances in aquaculture. Vol.2. Croom Helm, 
London and Sydney. 219-249.
DAVIS,T.A. and STICKNEY,R.R. 1978. Growth response of TilnpUi aurea to 
dietary protein quality and quantity. Trans. Am. Fish. Soc. 107, 479-483.
DEGANI,G. 1986. Dietary effects of lipid source, lipid level and temperature on 
growth o f glass eel (Anguilla anguilla). Aquaculture. 56, 207-214.
DEGANI,G. and V10LA,S. 1987. The protein sparing effect of carbohydrate in 
the diet o f eel (Anguilla anguilla). Aquaculture. 64, 283-291.
DE LONG,D.C., HALVER,J.E. and MERTZ,E.T. 1958. Nutrition of salmonoid 
fishes. VI. Protein requirements of Chinook salmon at two water 
temperatures. J. Nutr. 65, 589-599.
DE SILVA,S.S. and PERERA,M.K. 1984. Digestibility in Sarotherodon niloticus fry: 
effect o f dietary protein level and salinity with further observations on 
variability in daily digestibility. Aquaculture. 38, 293-306.
DE SILVA,S.S. and GUNASEKERA,R.M. 1991. An evaluation of the growth of 
Indian and Chinese major carps in relation to the dietary protein content. 
Aquaculture. 92, 237-241.
ECHEVARRIA,G, ROSIQUE,M.J., MARIN,J.F. and ZAMORA,S. 1987. Parámetros 
somatometricos y fisiológicos en la dorada (Sparus aurata L.) del Mar 
Menor (Murcia, España). Cuad. Marisq. Publ. Tec. 12, 209-214.
ECKHARDT,0., BECKER,K. and GUNTHER,K.D. 1983. Z. Tierphysiol. 
Tierernahr. u. Futtermittlekde. 49, 260-265.
EDIN,H. 1981. Orienterande forsok over anvandbartheten ar en 
pa'ledkroppsprincipen' grundad metod att bestamma en foder-blandings 
smaltbarhed. Centralanstalten for forsoksvasendet pa jordbruksomradet. 
Stockholm Medd. Nr.l65, 1-28.
146
EISAWY,A. and WASSEF,E. 1984. Prelinninary studies on rearing of the gilthead 
sea bream, Sparus aurata (L.) in brackish water ponds. Aquaculture, 38(3), 
255-260.
ELLIOT,J.M. 1972. Rate of gastric evacuation in brown trout. Salmo trutta L. fed 
on maximum ratios. J.Anim.Ecol., 4 4 , 805-821.
ELLIOT,J.M. 1976. The energetics of feeding, metabolism and growth of brown 
trout. Salmo trutta, in relation to body weight, water temperature and 
ration size. J.Anim.Ecol., 45, 923.
ELLIOT,J.M. 1979. Energetics of freshwater teleosts. Symp.Zool.Soc.London 4 4  
29-61. ' '
ELLIS,R.W. and SMITH,R.R. 1984. Determining fat digestibility in trout using 
a metabolic chamber. Prog.Fish Culturist, 46, 116-119.
FAO. 1976. Controlled breeding and larval rearing of selected Mediterranean 
marine species. General Fish.Council for the Medit., 55, 159-173.
FAO. 1983. Fish feeds and feeding in developing countries. UNDPL/FAO 
ADCP/REP/83/18. 97 pp.
FAO. 1990. Yearbook Fishery Statistics (Catches and landings). Vol.6 6 , 1988. 
Rome, Italy, pp 503.
FARANpA,F. 1977. Primo sensimento delle aree destinabili ad acquacoltura in 
Sicilia. Atti della Società Peloritana di Scienze Fisiche Matematiche e 
Naturali. Supplemento XXIIl, 1-113.
FAUCONNEAU,B. 1985. Protein synthesis and protein deposition in fish. In: 
C.B.Cowey, A.M.Mackie and J.G.Bell (Eds.). Nutrition and feeding in fish. 
Academic Press, London, p 17-45.
FERNANDEZ-PALACIOS,H., HERNANDEZ-CRUZ,C.M. and FERNANDEZ 
PALACIOS,J.E. 1989. Influencia de la dieta, carga inicial y hora de ingesta 
sobre el engorde de dorada, Sparus aurata, en las Islas Canarias. 
Acuic.Intermareal. M.Yufera (Ed.),Cadiz, p 287-296.
FERRARI,!, and CHIEREGATO,A.R. 1981. Feeding habits of juvenile stages of 
Sparus aurata L., Dicentrarchus labrax L. and Mugilidae in a brackish 
enbayment of the Po River delta. Aquaculture, 25(2-3), 243-257.
FERRARIS,R.P., CATACUTAN,M.R., MABELIN,R.L. and JAZUL,A.P. 1986. 
Digestibility in milkfish (Chanos chanos. Forcskal): effects of protein 
source, fish size and salinity. Aquaculture. 59, 93-105.
147
FLOS,R., TORT,L. and TORRES,?. 1990. Mediterranean aquaculture. Ellis 
Horwood (Eds.). Chichester, pp 213.
FRENTZOS,T. 1990. The ongrowing of ea bass and sea bream. Aquaculture 
Europe'89. Business Joins Science. N.de Pauw and R.Billard (Eds.). 
Europ.Aqu.Soc.Spec.Publ. 1 2 . Bredene, Belgium.
FRENTZOS,T. and SWEETMAN,J. 1989. An integrated marine fish farm in 
Cephalonia, Greece. Facilities and technical procedures. Aquaculture-A 
Biotechnology in Progress. N.de Pauw, E.Jaspers, H.Ackefors, and 
N.Wilkins (Eds.). Europ.Aqu.Soc. Bredene, Belgium.
FURUICHI,M and YONE,Y. 1980. Effect of dietary dextrin levels on the growth 
and feed efficiency, the chemical composition of liver and dorsal muscle, 
and the absorption of dietary protein and dextrin in fishes. Bull. Jap. Soc. 
Sci. Fish. 46(2), 225-229.
FURUICHI,M. and YONE,Y. 1981. Changes of blood sugar and plasma insuline 
levels of fishes in glucose tolerance tests. Bull.Jap.Soc.Sci.Fish., 47(6), 761- 
764.
and YONE,Y. 1982. Availability of carbohydrate in nutrition of 
Carp and Red Sea Bream. Bull. Jap. Soc. Sci. Fish. 48(7), 945-948.
FURUICHI,M., SHITANDA,K. and YONE,Y. 1971. Studies on nutrition of red 
sea bream. V. Appropriate supply of dietary carbohydrate. 
Rep.Fish.Res.Lab., Kyushu Univ., 1 , 91-100.
FURUICHI,M., MORITA,K. and YONE,Y. 1983. Effect of
carboxymethilcellulose supplement on the absorption of dietary nutrients, 
and on the levels of blood sugar and plasma amino nitrogen. 
Bull.Jap.Soc.Sci.Fish., 49, 1367-1370.
FURUKAWA,A. and TSUKAHARA,H. 1966. On the digestion method for the 
determination o f chromic oxide as an index substance in the study of 
digestibility of fish feed. Bull. Jap. Soc. Sci. Fish. 32(6), 502-506.
GARLING,D.L. and WILSON,R.P. 1976. Optimum dietary protein to energy ratio 
for Channel catfish fingerlings Uchtalurus punctatus). J. Nutr. 106, 1368- 
1375.
GOOLISH,E.M. and ADELMAN,I.R. 1984. Effects of ration size and temperature 
on the growth o f juvenile common carp, Cyprinus carpio L. Aquaculture, 
36/ 27* 35«
GORDIN,H. 1983. Advances in marine aquaculture in the Red Sea. Marine 
Science in the Red Sea. The Proceedings of the Int.Conf.Marine Sci. in the 
Red Sea. Bull.Inst.Oceanogr.Fish.Cairo, 9, 436-442.
148
GRABNER,M. 1985. An in vitro method for measuring protein digestibility of 
fish feed components. Aquaculture, 48, 97-110.
GRABNER,M. and HOFER,R. 1985. The digestibility of the proteins of broad 
bean (Vicia fnba) and soya bean (Glycine mnximd) under in vitro conditions 
simulating the alimentary tracts of rainbow trout (Salmo gairdneri) and 
carp (Cyprinus carpio). Aquaculture, 48, 111-122.
GROPP,J. and T1EWS,K. 1981. Aspects of fish nutrition research in aquaculture. 
In: H.Rosenthal and O.H. Orden (Eds.). Spec. Publ. Eur. Maricult. Soc N “ 
6 . p 37-48.
GUTIERREZ,M., ESTABL1ER,R., SARASQUETE,M.C., BLASCO,J. and BRAVO,E. 
1985. Enzymes in marine organisms. 2. Phosphatases of intestine, liver 
and pyloric caeca of sea bream, Sparus aurata L. Invest. Peso.(Barcelona) 
49(2), 239-253.
GUTIERREZ,;., FERNANDEZ,]., BLASCO,]., GESSE,J.M. and PLANAS,]. 1986. 
Plasma glucagon leve ls  in d ifferen t species o f fish. 
Gen.Comp.Endocrinol.,63(3), 328-333.
HALVER,J.E. 1976. Formulating practical diets for fish. J. Fish. Res. Board Can 
33, 1032-1039.
HALVER,J.E. 1980. Lipids and fatty acids. UNDP/FAO, ADCP/REP/80/11. p 
41-53. ^
HALVER,J.E. and SHANKS,W.E. 1960. Nutrition of salmonoid 
fishes.Vlll.Indispensable amino acids for sockeye salmon. J.Nutr., 72, 340- 
346.
HANLEY,F. 1987. The digestibility of foodstuffs and the effects of feeding 
selectivity on digestibility determinations in tilapia, Oreochromis niloticus 
(L.). Aquaculture, 6 6 , 163-179.
HENKEN,A.M., KLEINGELD,D.W. and T1JSSEN,P.A.T. 1985. The effect of 
feeding level on apparent digestibility af dietary dry matter, crude 
protein and gross energy in the African catfish (Clarias gariepinus) 
(Burchell, 1822). Aquaculture, 51, 1 -1 1 .
HENKEN,A.M., MACHIELSAl.A.M., DEKKER,W. and HOGENDOORN,H. 1986. 
The effect of dietary protein and energy content on growth rate and feed 
utilization of the African catfish (Clarias gariepinus). Aquaculture. 58, 55- 
74.
HEPHER,B. 1988. Nutrition of pond fishes. University Press. Cambridge, pp 388.
149
HIGUERA,M. 1987. Requerimientos de proteina y amino ácidos en peces. In: 
J.Espinosa and U.Labarta (Eds.). Nutrición en Acuicultura.
CAICYT.Madrid.Vol.il. p 53-98.
^^^UERA,M., MURILLO,A., VARELA,G. and ZAMORA,S. 1977. The influence 
of high dietary fat levels on protein utilization by the trout (Salmo 
gairdnerii). Comp. Biochem. Physiol. 56, 37-41.
HIGUERA,M., GALLEGO,M.C., SANZ,A., HIDALGO,M.C. and SUAREZ,M.D. 
1989. Utilization of dietary protein by the eel (Anguilla anguilla). Optimum 
dietary protein levels. Aquaculture. 7 9 , 53-61.
^^LT0N,J.W., ATKINSON,J.L. and SLINGER,S.J. 1983. Effect of increased 
dietary fibre on the growth of rainbow trout (Salmo gairdneri). Can. T. 
Fish. Aquat. Sci. 40, 81-85.
HJERTNES,T. and OPSTVEDT,]. 1989. Effects of dietary protein levels on growth 
in juvenile halibut. Proc. Third Int. Symp. on Feeding and Nutr. in Fish. 
Toba, Aug.28-Sept.l, Japan, p 189-193.
HUDON,B. and De la NOUE,J. 1984. Influence of meal frequency on apparent 
nutrient digestibility in rainbow trout. Salmo gairdneri. Bull.Fr.Piscic. 
293(4), 49-51.
HUNT,J.N. 1980. A  possible relation between the regulation of gastric emptying 
and food intake. Am. J. Physiol. 239, 61.
INABA,D., OGINO,C., TAKAMATSU,C., UEDA,T. and KUROKAWA,K. 1963. 
Digestibility of dietary components in fishes. II.Digestibility of dietary 
protein and starch in rainbow trout. Bull.Jap.Soc.Sci.Fish., 29, 242-244.
JAUNCEY,K. 1981. The effects of varying dietary composition on mirror carp 
(Cyprinus carpió) maintained in thermal effluents and laboratory recycling 
systems. In: K.Tiews (Ed.). Proc. World Symp. Aqua, in Heated Effluents 
and Recirculation Systems. Vol.2 . Berlin: Heenemann Verlagsgesel. p 249-
JAUNCEY,K. 1982. The effects of varying dietary protein level on the growth, 
food conversion, protein utilization and body composition of juvenile 
tilapias (Sarotherodon mossambicus). Aquaculture. 27, 4 3 -5 4 .
JAUNCEY,K. and ROSS,B. 1982. A  guide to tilapia feeds and feeding. Institute 
of Aquaculture. Univ. of Stiring. Scotland., I l l  pp.
JOBLING,M. 1981. Dietary digestibility and the influence of food components 
on gastric evacuation in plaice (Pleuronectes platessa L.). J. Fish Biol. 19,29- 
36.
150
JOBLING,M., KUDSEN,R., PEDERSEN,P.S. and DOS SANTOSJ. 1991. Effects of 
dietary composition and energy content on the nutritional energetics of 
cod (Gadus morhua). Aquaculture. 92, 243-257.
KADMON,G., GORDIN,H. and YARON,Z. 1985. Breeding-related growth of 
captive Sparus aurata (Teleostei, Perciformes). Aquaculture, 46(4), 299-305.
K A N A ZA W A ,A . 1985. Essential fatty acids and lipid requirement of fish. In: 
C.B.Cowey, A.M. Mackie and J.G.Bell (Eds.). Nutrition and Feeding in 
Fish. Academic Press, London., p 281-298.
K A N A ZA W A ,A ., TESHIMA,S.I. and ONO,K. 1979. Relationship between 
essential fatty acid requirements of aquatic animals and the capacity of 
bioconversion of linolenic acid to highly unsaturated fatty acids 
Comp.Biochem.Physiol., 63(B), 295-298.
K A N A ZA W A ,A ., TESHIMA,S., SAKAMOTO,M. and SHINOMIYA,A. 1980. 
Nutritional requirements of the Puffer fish: Purified test diet and the 
optimum protein level. Bull. Jap. Soc. Sci. Fish. 46(11), 1357-1361.
KAUSHIK,S.J. 1980. Influence of nutritional status on the daily patterns of 
nitrogen excretion in the carp {Cyprinus carpio L.) and the rainbow trout 
(Salmo gairdneri R.). Reprod.Nutr.Develop., 2 0 , 1751-1765.
KAUSHIK,S.J. and LUQUET,P. 1984. 2. Tierphysiol. Tierernahr. Futtermittlekde 
51, 57-69.
KAUSHIK,S.J., MEDALE,F., FAUCONNEAU,B. and BLANC,D. 1989. Effect of 
digestible carbohydrate on protein:energy utilization and on glucose 
metabolism in rainbow trout (Salmo gairdneri). Aquaculture. 7 9 , 63-74.
KIM,Y.K. 1974. Determination of true digestibility of dietary proteins in carp 
with chromic oxide containing diet. Bull.Jap.Soc.Sci.Fish., 40, 651-653.
^I^/K-I., KAYES,T.B. and AMUNDSON,C.H. 1991. Purified diet development 
and re-evaluation of the dietary protein requirement of fingerling 
rainbow trout (Oncorhynchus mykiss). Aquaculture, 96, 57-67.
KIRCHGESSNER,M., KURZINGER,H. and ZEIT1,ER,M.H. 1984. Ansatz und 
verwertung von energie bei karpfen (Cyprinus carpio L.) mit unter 
s c h i e d l i c h e r  p r o t e i n  u n d  e n e r g i e v e r  s o r g u n g .  
Z.Tierphysiol.Tiererniihr.u.Futtermittef Kd., 52, 235-244.
KIRCHGESSNER,M., KURZINGER,H. and SCHWARZ,F.J. 1986. Digestibility of 
crude nutrients in different feeds and estimation of their energy content 
for carp (Cyprinus carpio L.). Aquaculture. 58, 185-194.
151
KISSIUG.Wm. 1981. Known nutritional requirements of the gilthead bream 
(Sparus aurata) in culture. In: H.Rosenthal and O.H.Orden (Eds.). Spec 
Publ. Eur. Marie. Soc. N “6 . p 49-55.
KISSIUG.Wm. and GROPPJ. 1984. Optimal protein-energy ratios in gilthead 
bream (Sparus aurata) feeds. Proceedings of the Second Seminar of the 
German-Israel cooperation in Aquaculture Research. March, 5-6, 1984 
Hamburg. Publ. Eur. Maricult. Soc. p 99-102.
KISSIUG.Wm. and KOVEN,W.M. 1984. Comparison of test diets for the gilthead 
sea bream (Sparus aurata). Proc.2nd Seminar Aqu.Res.March 5 -6  (1984). 
Hanburg. Publ. Eur. Maricult.Soc. p 84-91.
KISSIUG.Wm., COWEY,C.B., ADRON,J.W. and RICHARDS,R.H. 1981. 
Pyridoxine requirements of the gilthead bream, Sparus aurata. 
Aquaculture, 23, 243-255.
KITAMIKADO,M., MORlSHlTA,T. and TACHINO,S. 1964. Digestibility of 
dietary protein in rainbow trout. II. Effect of starch and oil contents in 
diets and size of fish. Bull.Jap.Soc.Sci.Fish., 30, 50-54.
KLEIBER,M. 1961. The fire of life. An introduction to animal enecetics. Wilev & 
Sons, New  York.
KNIGHTS,B. 1985. Energetics and fish farming. In: P.Tytler and P.Calow (Eds.). 
Fish energetics.New Perspectives. Croom Helm. London and Sydney. D 
309-340. ^
KOVEN,W.M. and KISSIL,G.Wm. 1984. Requirement for W j polyunsaturated 
fatty acids in the gilthead sea bream (Sparus aurata). Proc.2nd Seminar 
German-Israel Coop. Aqu.Res. March, 5-6 (1984). Hanburg. Publ. Eur. 
Maricult. Soc., p 93-97.
KUHNE,H. 1973. Untersuchungen zur Verdaulichkeit und Verwertung 
Verwertung verschiedener futtermischungen beim aal (Anguilla anguilla). 
Dis.Univ.Rostok (1973).
LAW,A.T., CHEAH,S.H. and ANG,K.J. 1983. An evaluation o f the
apparent digestibility of some locally available plants and pelleted feed 
in three finfish in Malaysia. Proc. Asian Finfish Nutr. Workshop. 
Singapore, 23-26 Aug. p 90-95.
LED0UX,0. 1983. Study on aquaculture potential and proposals for an 
aquaculture development policy in Tunisia. Report o f a TCP/ADCP 
multidisciplinary mission in Tunisia, March-June, 1982, 139-143.
152
LEE,D.J. and PUTNAM,G.B. 1973. The response of rainbow trout to varying P E 
ratios in a test diet. J. Nutr. 103, 916-922.
LIM,C., SUKHAWONGS,S. and PASCUAL,F.P. 1979. A  preliminary study on the 
protein requirements of Chanos chonos (Forskal) fry in a controlled 
environment. Aquaculture. 17, 195-201.
LISAC,D. 1990. Hatchery production of ea bass and sea bream fingerlings. 
Recent progress and future developments. Aquaculture Europe'89. 
Business Joins Science. N.de Pauw and R.Billard (Eds) 
Eur.Aqu.Soc.Spec.Publ. 1 2 . Bredene, Belgium.
LOVELL,R.T. 1977. Digestibility o f nutrients in feedstuffs for catfish. In; 
R.R.Stickney and R.T.Lovell (Eds.). Nutrition and feeding of channel 
catfish. Southern Cooperative Series Bulletin. 218. Auburn, Alabama. p3 3 - 
37.
LOVELL,R.T. 1989. Nutrition and feeding of fish. Van Nostrand Reinhold (Ed.). 
N ew  York, pp 260.
LUQUET,P. and SABAUT,J.J. 1973. Nutrition azotee et croissance chez la 
daurade et la truite. In: Colloque sur I'Aquaculture. 1973. CNEXO. Serie: 
Actes de colloques, N “l.
^ACLEOD/M.G. 1978. Relationships between dietary sodium chloride, food 
intake and food conversion in the rainbow trout. J.Fish Biol., 13, 73-78.
^■^CHIELS,M.A.M. and HENKEN,A.M. 1985. Growth rate, feed utilization and 
energy metabolism of the African catfish {Ciarías gariepinus) as affected 
by dietary protein and energy content. Aquaculture. 4 4 , 271-284.
MARAIS,J.F.K. and KISSIL,G.Wm. 1979. The influence of energy level on the 
feed intake, growth, food conversion and body composition o f Sparus 
aurata. Aquaculture. 17, 203-219.
MARTINEZ-PALACIOS,C.A. 1987. Aspects of the biology of Cichlasoma 
urophthalmus (Günther) with particular reference to its culture. Ph.D. 
Thesis. Stirling University, pp 321.
M AYNARD,L.A. and LCX)SLI,J.K. 1969. Animal Nutrition. McGraw-Hill Book 
Company, pp 613.
SIMPSON,K.L. and CHICHESTER,C.O. 1978. Metabolism of 
amino acids in aquatic animals.III.Indispensable amino acids for Tilapia 
zillii. Bull.Jap.Soc.Sci.Fish., 44, 739-742.
M AZZO LA,A . and RALLO,B. 1981. Further experiences in the intensive culture 
o f sea bream {Sparus aurata L.).J.World Maricult.Soc.,1 2 (2 ), 137-142.
153
M cDo n a l d ,?., EDWARDS,R.A. and GREENHALGH,J.F.D. 1988. Animal 
Nutrition (4th Edition) Longman Scientific & Technical. Essex., 543 pp.
MEADE,J.W., KRISE,W.F. and ORT,T. 1983. Effect of temperature on production 
of tiger muskellunge in intensive culture. Aquaculture, 32, 157-164.
METAILLER,R., ALDRIN,J.F., MESSAGER,J.L., MEVEL,G. and STEPHAN,G. 
1981. Feeding of european sea bass (Dicentrarchus labrax): role of protein 
level and energy source. J. World Maricul. Soc. 1 2 (2 ), 117-118.
MILLIKIN,M.R. 1982. Effects of dietary protein concentration on growth, feed 
efficiency and body composition of age-0 Stripped bass. Trans. Amer 
Fish. Soc. I l l ,  373-378.
MILL1KIN,M.R. 1983. Interactive effects of dietary protein and lipid on growth 
and protein utilization of age-0 striped bass. Trans.Amer.Fish.Soc., 1 1 2 , 
185.
MIRONOVA,N.V. 1976. Changes in the energy balance of Tilapia mossambica in 
relation to temperature and ration size. J.Ichthyol., 16, 120.
MORITA,K., FURUICHI,M. and YONE,Y. 1982. Effect of carboxymethylcellulose 
supplemented to dextrin-containing diets on the growth and feed 
efficiency of ed sea bream. Bull.Jap.Soc.Sci.Fish., 48, 1617-1620.
MURAI,T., TAKEUCHLT., WATANABE,T. and NOSE,T. 1985. Effects of dietary 
protein and lipid levels on performance and carcass composition of 
fingerling carp. Bull. Jap. Soc. Sci. Fish. 51, 605-608.
NATIO NAL ACADEMY OF SCIENCES (NRC). 1981. Nutrient requirements of 
coldwater fishes. National Academy Press. Washington. 63 pp.
NATIO N AL ACADEMY OF SCIENCES (NRC). 1983. Nutrient requirements of 
warmwater fishes and shellfishes. National Academy Press. Washington
10 2  pp.  ^ o •
NEW,M.B. 1986. Aquaculture diets of postlarval marine fish of the super-family 
Percoidae, with special reference to sea bass, sea breams, groupers and 
yellowtail: a review. Kuwait Bulletin of Marine Science. 7 , 75-151.
NIJKAMP,H.J., VAN-ES,A.J.H. and HUISMAN,A.E. 1974. Retention of nitrogen, 
fat, ash, carbon and energy in growing chickens and carp. 
Eur.Assoc.Anim.Prod., 14, 277.
NORDLIE,F. 1966. Thermal acclimation and peptic digestive capacity in the 
black bulhead, ¡ctalurus mêlas (Raf.) Am.Midl.Nat., 75, 416-424.
154
NOSE/T. 1960. On the digestion of food protein by gold-fish (Carassius auratus 
L.) and rainbow trout {Salmo gairdneri G.). Bull Freshwater Fish. Res. Lab. 
10, 11-12.
NOSE,T. 1967. Recent advances in the study of fish digestion in Japan. 
FAO/EIFAC Tech.Pap., 3, 83-94.
NOSE,T. and M AM IYA,H . 1963. Protein digestibility of flatfish meal in rainbow 
trout. Bull.Freshwater Fish.Res.Lab., 12(2), 1-4.
NOSE,T. and ARAI,S. 1972. Optimum level o f protein in purified diets for eel, 
Anguilla japónica. Bull. Freshwater Fish. Res. Lab. Tokyo. 22, 145-154.
NOSE,T., LEE,D. and HASHIMOTO,Y. 1974. A  note on amino acids essential for 
growth of young carp. Bull.Jap.Soc.Sci.Fish., 40, 903-908.
CX!DE. 1989. Aquaculture. Developing a new industry. Paris. 126 pp.
OGINO,C. 1980. Protein requirements of carp and rainbow trout. 
Bull.Jap.Soc.Sci.Fish., 46, 385.
OGINO,C. and SAITO,K. 1970. Protein nutrition in fish. I. The utilization of 
dietary protein by young carp. Bull. Jap. Soc. Sci. Fish. 36, 250-254.
OGINO,C., KAKINO,J. and CHEN,M.S. 1973. Determination of metabolic fecal 
nitrogen and endogenous nitrogen excretion of carp. Bull. Jap. Soc. Sci. 
Fish. 39, 519-523.
CXjINO,C., CHI0U,J.Y. and TAKEUCH1,T. 1976. Protein nutrition in fish. VI. 
Effects of dietary energy sources on the utilization of proteins by rainbow 
trout and carp. Bull. Jap. Soc. Sci. Fish. 42, 213-218.
OSBORNE,T.B., MENDEL,L.B. and FERRY,E.L. 1919. A  method for expressing 
numerically the growth promoting values of protein. J. Biol. Chem. 37, 
223-229.
PAGE,J.W. and ANDREWS,J.W. 1973. Interactions of dietary levels of protein 
and energy on channel catfish (Ictalurus punctatus). J. Nutr, 103, 1339.
PALMER,T.N. and RYMAN,B.E. 1972. Studies on oral glucose intolerance in fish. 
J.Fish Biol., 4, 311-319.
PANDIAN,T.J. and VIVEKANANDIAN,E. 1985. Energetics of feeding and 
digestion. In: P.Tytler and P.Calow (Eds.). Fish Energetics. New 
perspectives. Groom Helm, London and Sydney, p 99-124.
155
PAPAPARASKEVA-PAPOUTSOGLOU,E. and ALEXIS,M.N. 1986. Protein 
requirements of young grey mullet, Mugil capita. Aquaculture. 52, 105- 
115.
PARAZO,M.M. 1990. Effect of dietary protein and energy level on growth, 
protein utilization and carcass composition of rabbitfish, Siganus inittatus. 
Aquaculture. 8 6 , 41-49.
PARSONS,T.R., MAITA,Y. and LALLI,C.M. 1985. A  manual of chemical and 
biological methods for seawater analysis. Pergamon Press. Oxford, pp
PAUW ,N. and BILLARD,R. 1990. Aquaculture Europe'89. Business Joins 
Science. European Aquaculture Society. Spec. Publ. N “ 1 2 . Bredene, 
Belgium.
PEREIRA,T.G., RAMOS,M.A. and CARVALHO,M.M. 1987. Food conversion and 
growth of Sparus aurata L. under artificial diets. Publ. Avuls. Inst. Nac. 
Invest. Pescas (Porto). 1 2 , 127-138.
PHILLIPS,A.M. 1969. Nutrition, digestion and energy utilization. In: W.S.Hoar 
and D.J.Randall (Eds.) Fish Physiology.Vol.I. Academic Press, N e w  York 
and London, p 391-432.
PITT,R., TSUR,0. and GORDIN,H. 
Aquaculture, 1 1 , 285-296.
1977. Cage culture of Sparus aurata.
POPPER,D. and ZOHAR,Y. 1988. Sea bass and sea bream culture in the 
Mediterranean region. Aquaculture International Congress and 
Exposition, Vancouver, Canada. September, 6-9,1988. Proc.Aq.Int.Congr.,
PORTER,C. 1981. Cage culture of gilthead sea bream (Sparus aurata} at an 
exposed site on the Red Sea. Research on intensive Aquaculture. 
Proc.Seminar (March, 1 0 -1 1 , 1980). Spec.Publ.Eur.Maricult.Soc., 6 , 15-24.
RAMOS,J. and KOBAYASHI,K. 1981. Influence of different diets on the growth 
o f gilthead bream (Sparus aurata). Informes Técnicos del Instituto de 
Investigaciones Pesqueras (Barcelona). N " 82. pp 15.
RAVAGNAN,G. 1984. Rearing of sea bass and ea bream in valliculture. In: 
G.Barnabe and R.Billard (Eds.). L'aquaculture du bar et des Sparides. 
IN R A  Publ.,Paris, p 435-446.
REINITZ,G.L., ORME,L.E., LEMM,C.A. and HITZEL,F.N. 1978. Influence of 
varying lipid concentrations with two protein concentrations in diets for 
rainbow trout (Salmo gairdneri). Trans. Am. Fish. Soc. 107(5), 751-754.
156
RICARDJ.M. 1990. Development of marine fish farming in the Mediterranean 
Aquaculture Europe'89. Business Joins Science. N.de Pauw and
R. Billard(Eds.). Europ. Aqu. Soc. Spec.Publ.l2.Bredene, Belgium.
RINGROSE,R.C. 1971. Calorie-to-Protein ratio for brook trout (Salmo fontinalis) 
J. Fish. Res. Bd. Canada. 28, 1113-1117.
ROLLIN,X., KESTEMONT,P. and MICHA,J.C. 1989. First determination of the 
nutritional requirements o f the Gudgeon (Gobio gobio L.) juveniles (Pisces, 
Cyprinidae). In: Proceedings of the Third International Symposium on 
Feeding and Nutrition in Fish. August 28-Sept.l, 1989. Toba, Japan, p 167- 
174. ^
ROSS,B. and JAUNCEY,K. 1981. A  radiographic estimation of the effect of 
temperature on gastric emptying time in Sarotherodon niloticus (L.) x
S. aureus (Steindachner) hybrids. J.Fish Biol., 19, 333-344.
RUMSEY,G.L. 1978. Recent advances in nutrition of salmonids. Salmonid 2 (4 ) 
14-26.
SABAUT,J.J. and LUQUET,P. 1973. Nutritional requirements of the gilthead 
bream (Chrysophrys aurata). Quantitative protein requirements. Marine 
Biology. 18, 50-54.
SANCHEZ-MUROS,M.J. 1990. Adaptative response of intermediary metabolism 
in rainbow trout to variations in diet composition. Ph.D. Thesis. Granada 
Univ. 290 pp.
SANTIAGO,C.B. and REYES,O.S. 1991. Optimum dietary protein level for 
growth o f  bighead carp (Aristichthys nobilis) fry in a static water system. 
Aquaculture. 93, 155-165.
ALDABA,M.B. and LARON,M.A. 1981. Effect of varying crude 
protein levels on spawning frequency and growth of Sarotherodon niloticus 
breeders. Quarterly Res. Rep. (SEAFDEC). 5(4), 5-10.
SATIA,B.P. 1974. Quantitative protein requirements of Rainbow trout. Proe. Fish 
Cult. 36, 80-85.
SCHMITZ,0., GREUEL,E. and PFEFFER,E. 1982. Untersuchunger über 
Verdauung und Verwertung von organischen Rohnähr-Stoffen durch 
wachsende Aale. Z.Tierphysiol., Tierernähr.u.Futtermittelkd, 48,138-143.
KIRCHGESSNER,M. 1982. Zur bestimmung der 
nährstoffverdaulichkeit beim karpfen (Cyprinus carpio L.). Bayer. 
Landwirtsch. Jahrb., 59, 79-84.
157
RAO,N.G.S., GHOSH,S.R. and ROUT,M. 1978. Observations on the 
protein and carbohydrate requirements of carps. Aquaculture. 13,245-255.
SHEPHERD,), and BROMAGE,N. 1988. Intensive fish farming. BSP Professional 
Books, Oxford, 404 pp.
SHI,W.L., SHAN,]., LIU,M.Z., HUANG,F.Q., ZHOU,X.W. and SHEN,L. 1988. 
Optimum protein requirement of blunt-snout bream. Bull.of the Aquae. 
Assoc, of Canada. Proceedings. Vancouver. S.L.Waddy (Ed.), p 87-89.
SHIAN,S. and HUANG,S. 1990. Influence of varying energy levels with two 
protein concentrations in diets for hybrid tilapia iO.niloticus x O.aureus). 
Aquaculture. 91, 143-152.
SHIMENO,S. 1982. Studies on carbohydrate metabolism in fish. 
Publishing Co. Put. Ltd. New Delhy. pp 123.
Amerind
SHIMENO,S., HOSOKAWA,H. and TAKEDA,M. 1979. The importance of 
carbohydrate in the diet of a carnivorous fish. In: J.E.Halver and K.Tiews 
(Eds.). Finfish Nutrition and Fishfeeds Technology. Berlin, p 127-141.
SHIMENO,S., HOSOKAWA,H., TAKEDA,M. and KAJIYAMA,H. 1980. Effects 
of calorie to protein ratios in formulated diet on the growth, feed 
conversion and body composition of young yellowtail. Bull. Jap. Soc Sci 
Fish. 46(9), 1083-1087.
SHIMENO,S., HOSOKAWA,H., TAKEDA,M., KAJIYAMA,H. and KAISHO,T. 
1985. Effect of dietary lipid and carbohydrate on growth, feed conversion 
and body composition in young yellowtail. Bull. Jap. Soc. Sci. Fish. 51(11), 
1893-1898.
SINGH,R.P. and NOSE,T. 1967. Digestibility o f carbohydrate in young rainbow 
trout. Bull.Freshwater Fish.Res.Lab., 17, 21-25.
CHO,C.Y. and HOLUB,B.J. 1977. Effect of water temperature on 
protein and fat requirements of rainbow trout iSalmo gairdneri). In: 
Proc.l2th Ann. Nutr. Conf. Feed Manufacturers, Guelph Univ., (Dntario, 
p 1-5.
SMIT,H. 1967. Influence of temperature on the rate of gastric juice secretion in 
the brown bulhead (Ictalurus nebulosus). Comp.Biochem.Physiol., 21,125- 
132.
SMITH,M.W. 1970. Selective regulation of amino acid transport by intestine of 
goldfish. Comp.Biochem.Physiol., 35, 387-401.
158
SMITH,M.W. and KEMP,P. 1971. Parallel temperature-induced changes in 
membrane fatty acids and in transport of amino acids by the intestine of 
goldfish (Carassius auratus L.). Comp.Biochem.Physiol., 39(B), 357-365.
SMITH,R.R. 1971. A  method for measuring digestibility and metabolizable 
energy of fish feeds. Progressive fish-culturist. 33, 132-134.
SMITH,R.R., RUMSEY,G.L. and SCOTT,M.l. 1978. Net energy maintanance 
requirement of almonids as measured by direct calorimetry: Effect of 
body size and environmental temperature. J.Nutr., 108, 1017-1024.
SOLOMON,D.J. and BRAnELD,A.E. 1972. The energetics of feeding, metabolism 
and growth o f perch {Perea fluviatilis L.). J.Anim.Ecol., 41, 699.
SOOFIANI,N.M. and HAWKINS,A.D. 1985. Field studies of energy budgets. In: 
P.Tytler and P.Calow (Eds.). Fish Energetics. New  Perspectives. Croom 
Helm. London and Sydney, p 283-307.
SPANNHOF,L. and PLANTIKOW,H. 1983. Studies on carbohydrate digestion 
in rainbow trout. Aquaculture. 30, 95-108.
STAPLES,D.J. and NOMURA,M. 1976. Influence of body size and food ration on 
the energy budget of rainbow trout. Salmo vairdneri Richardson. T.Fish 
Biol., 9, 29.
STEFFENS,W. 1981. Protein utilization by rainbow trout (Salmo gairdneri) and 
carp (Cyprinus carpió): A  brief review. Aquaculture, 23, 337-345.
STEFFENS,W. 1987. Bedentung und Möglichkeiten der Auffettung von 
Forellenfuttermitteln. Z. Binnenfisherei DDR. 34, 209-216.
STEFFENS,W. 1989. Principles of fish nutrition. Ellis Horwood. Chichester, pp 
384.
STICKNEY,R.R. 1979. Principles of warm water aquaculture. John Wiley and 
Sons, pp 375.
SUAU,P. and LOPEZ,J. 1976. Contribución al estudio de la dorada, Sparus aurata 
L. Invest. Pesq. Barceona, 40, 169-199.
TACON,A.G.J. 1985. Nutritional fish pathology. Morphological signs o f nutrient 
defficiency and toxicity in farmed fish. Aquaculture Development and 
Coordination Programme. ADCP/REP/85/22.FAO.
TACON,A.G.J. 1987. The nutrition and feeding of farmed fish and shrimp. A  
training manual. 1. The essentíal nutrients. FAO, GCP/RLA/075/ITA. 
Rome, pp 117.
159
TACON,A.GJ. 1990. Standard methods for the nutrition and feeding of farmed 
fish and shrimp. Argent Laboratories Press. Redmond, Washington USA 
pp 454.
^■^^0N,A.G.J. and RODRIGUES,A.M.P. 1984. Comparison of chromic oxide, 
crude fibre,  ^polyethylene and acid-insoluble ash as dietary markers for 
the estimation of apparent digestibility coefficients in rainbow trout 
Aquaculture. 43, 391-399.
TACON,A.G.J. and COWEY,C.B. 1985. Protein and amino acid requirements. In: 
r*-Tytler and P.Calow (Eds.). Fish Energetics. New Perspectives. Croom 
Helm, London and Sydney, p 155-183.
TACON,A.G.J. and JACKSON,A.J. 1985. Utilisation of conventional and 
unconventional protein sources in practical fish feeds. In: C.B.Cowey, 
A.M.Mackie and J.G.Bell (Eds.). Nutrition and feeding in fish. Academic 
Press, London, p 119-145.
TAKEDA,M., SHIMENO,S., HOSOKAWA,H., KAJIYAMA,H. and KAISYO,T. 
1975. The effect of dietary calorie-to-protein ratio on the growth, feed 
conversion and body composition of young yellowtail. Bull. Jap. Soc Sci 
Fish. 41(4), 443-447.
Bulletin TokaiTAKEUCHI,T. 1979. Digestibility of dietary lipids in carp.
Regional Fisheries Research Laboratory. 99, 55-63.
TAKEUCHLT., Y0K0YAM A,M ., WATANABE,T. and OGINO,C. 1978. 
Optimum ratio of dietary energy to protein for rainbow trout. Bull. Tap 
Soc. Sci. Fish. 44(7), 729-732.
TAKEUCHI,T., WATANABE,T. and OGINO,C. 1979. Optimum ratio of dietary 
energy to protein for carp. Bull. Jap. Soc. Sci. Fish. 45, 983-987.
TAKEUCHI,T., SHIINA,Y. and WATANABE,T. 1991. Suitable protein and lipid 
levels in diets for fingerlings of red sea bream (Pagrus major). Nippon 
Suisan Gakkaishi, 57(2), 293-299.
TANDLER,A., BERG,B. A., ICSSIL,G.Wm. and MACKIE,A.M. 1982. Effect of food 
attractants on appetite and growth rate of gilthead sea bream, Sparus 
aurata L. J.Fish Biol., 20(6), 673-681.
TENG,S., CHUA,T. and LIM,P. 1978. Preliminary observations on the dietary 
protein requirement o f estuary grouper, Epinephelus salmoides Maxwell, 
cultured in floating net-cages. Aquaculture. 15, 257-271.
TROFIMOVA,L.N. 1973. Dynamics of total proteolytic activity along the 
digestive tract in carp in relation to incubation temperature. 
Sb.Nauch.Tr.VNII PRKH, 10, 170-181.
160
VIOLAR, and ZOHAR,G. 1984. Nutrition studies with market size hybrids of 
tilapia iOreochromis) in intensive culture. 3. Protein levels and sources. 
Badmidgeh. 36(1), 3-15.
WALTON,M.J. 1987. Metabolismo de proteinas y amino ácidos en peces. In: 
J.Espinosa and U.Labarta (Eds.). Nutrición en Acuicultura CAICYT 
Madrid.Vol.I. p 225-271.
WALTON,M.J. and COWEY,C.B. 1982. Intermediary metabolism in fish. Comp. 
Biochem. Physiol., 73(B), 59-72.
WANG,K., TAKEUCHI,T. and WATANABE,T. 1985. Optimum protein and
digestible energy levels in diets for Tilapia nilotica. Bull. Jap. Soc. Sci. Fish 
51(1), 141-146.
WARREN,C.E. and DAVIS,G.E. 1967. Laboratory studies on the feeding, 
bioenergetics and growth of fish. In: S.D.Gerking (Ed.). The biological 
basis of freshwater fish production. Blackwell, Oxford.
WASSEF,E. and EISAWY,A. 1985. Food and feeding habits of wild and reared 
gilthead bream, Sparus aurata L. Cybium, 9(3), 233-242.
WATANABE,T. 1982. Lipid nutrition in fish. Comp.Biochem. Physiol., 73(B), 3- 
15.
WATANABE,T. 1987. Requerimientos de ácidos grasos y nutrición en los peces. 
In: J.Espinosa and U.Labarta (Eds.). Nutrición en Acuicultura. CAICYT. 
Madrid.Vol.il. p 99-165.
WATANABE,T., TAKEUCHI,T. and OGINO,C. 1979. Studies on the sparing 
effect of lipids on dietary protein in rainbow trout {Salmo gairdneri). In: 
Proc. World Symp. on Finfish Nutrition and Fishfeed Technology. 
Hamburg 20-23 June, 1978. Vol. I. Berlin, p 113-125.
WATANABE,T., SATOH,S., IDA,T. and YAGUCHI,M. 1987. Development of low 
protein-high energy diets for practical carp culture with special reference 
to reduction o f total nitrogen excretion. Nippon Suisan Gakkaishi. 53, 
1413-1423.
WEATHERLEY,A.H. 1976. Factors affecting maximization of fish growth. J. 
Fish. Res. Board Can. 33, 1046-1058.
WEATHERLEY,A.H. and GILL,H.S. 1987. The biology o f fish growth. Academic 
Press. London, pp 443.
WEE,K.L. and TACON,G.J. 1982. A  preliminary study on the dietary protein 
requirement o f juvenile Snakehead. Bull. Jap. Soc. Sci. Fish. 48(10), 1463- 
1468.
161
WILSON,R.P. 1985. Amino acid and protein requirement of fish. IN:
Nutrition and feeding in fish. C.B. Cowey, A.M.Mackie and T.G.Bell 
(Eds.). Academic Press. London, p 1-16.
WINDELLJ.T., FOLTZJ. W. and SAROKONJ. A. 1978. Methods of fecal collection 
leaching in digestibility studies. Progressive fish-culturist
40(2), 51-55.
WINFREE,R.A. and STICKNEY,R.R. 1981. Effects of dietary protein and energy 
on growth, feed conversion efficiency and body composition of Tilavia 
aurea. J. Nutr. I l l ,  1001-1012. ^
YAMADA,K., KOBAYASHI,K. and YONE,Y. 1980. Conversion of linolenic acid 
to W-3 highly unsaturated fatty acids in marine fishes and rainbow trout 
Bull.Jap.Soc.Sci.Fish., 46(10), 1231-1232.
YONE,Y., FURUICHLM. and SAKAMOTO,S. 1971. Studies on nutrition of red 
sea bream. III. Nutritive value and optimum content of lipids in diet. 
Fish. Res. Lab. Kyushu Univ. N® 1, 49-60.
YONE,Y., SAKAMOTO,S. and FURUICHLM. 1974. Studies on nutrition of red 
sea bream. IX. The basal diet for nutrition studies. Rep. Fish Res Lab 
Kyushu Univ. 2, 13-24.
ZAR,J.H. 1984. Biostatistical analysis. (2nd edition). Prentice-Hall. New  Tersev 
pp 718.
ZEITOUN,I.H., ULLREY,p.E., HALVER,J.E., TACK,P.I. and MAGEE,W.T. 1974. 
Influence of salinity on protein requirements of coho salmon 
{Oncorhynchus kisutch) smolts. J.Fish.Res.Board.Can., 31, 1145-1148.
ZEITOUN,I.H., ULLREY,D.E., MAGEE,W.T., GILL,J.L. and BERGEN,W.G. 1976. 
Quantifying nutrient requirements of fish. J. Fish. Res. Board Can. 33 
167-172.
162

APPENDIX I.
Calculation of essential amino acid (EAA) requirements of S.aurata based on the 
carcass analysis method, and amount of amino acids supplied in diets 
containing 40% and 55% protein.
This method is based on the direct correlation found between the pattern 
of E AA  in fish tissues as a percentage of the total EAA and the dietary 
requirements for EAA (Cowey and Tacón, 1981; Tacón, 1990).
Dietary EAA requirements can be initially computed on the basis of the 
carcass EAA pattern present within 35% of the known dietary protein 
requirements of the majority of farmed fish species. On a general basis EAAs 
(including the non-essential cystine and tyrosine) constitute about 35% of the 
total dietary protein required by fish. Thus, for a particular fish species known 
to have a dietary protein requirement of 40%, then dietary EAA requirements 
would be computed on a carcass EAA pattern of 35% of the dietary protein 
level.
In this case (Table 5a, Section 2.4), the carcass EAA pattern for arginine 
is 12.71% of the total EAA plus cystine and tyrosine present, then dietary 
requirement level for arginine would be:
40 X  35 X  12.71 or 1.78% of the dry diet. 
10000
Thus, based on raw data on carcass EAA analysis 
(g AA/lOOg prot). Table 35a shows estimated EAA requirements for diets 
containing 40% and 55% protein, as percentage of dry diet (These data are 
summarized in Table 5a, Section 2.4).
Similarly, based on the amino acid profile of the sardine meal 
(S.pilchardus) utilized as sole food, the amount of EAA supplied in diets 
containing 40% and 55% protein were calculated (Table 35b).(These data are 
summarized in Table 5b, Section 2.4).
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Table 35a. Carcass essential amino acid (EAA) profile of 
S.aurata. A) g AA/lOOg prot. B) EAA as a percentage of the total EAA in carcass. C) EAA in grams per lOOg of dry diet (40% prot.). D) EAA in grams per lOOg of dry diet (55% prot.)
A B C D
Arginine 6.1317 12.40 1.74 2 39Histidine 2.5848 5.23 0.73 1.00Isoleucine 5.3081 10.74 1.50 2.07Leucine 7.4209 15.01 2.10 2.89Lysine 7.7622 15.70 2.20 3 02Methionine 2.8238 5.71 0.80 1 10Phenylalanine 3.5612 7.21 1.01 1 39Threonine 5.1999 10.52 1.47 2.03Valine 4.6229 9.35 1.31 1.80Cystine * 0.9907 2.00 0.28 0.38Tyrosine 3.0198 6.11 0.85 1.18
* Non-essential amino acids
Table 35b. EAA profile of the sardine meal utilized as sole food: A) g AA/lOOg prot. B) % of the total EAA. Amount of EAA 
diets containing:C ) 40% protein (EAA in grams per 100 g of dry diet), and D) 55% protein (EAA in grams per lOOg of dry diet) . y
ArginineHistidineIsoleucineLeucineLysineMethioninePhenylalanineThreonineValineCystine *Tyrosine *
5.86743.41236.74718.63178.98803.01494.67745.99175.55581.15193.6484
10.17 5.92 11.70 14.96 15.58 5.23 8.11 10.39 9.63 1.99 6.32
Non-essential amino acids
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